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Threshold of Hearing for Random Noise 


RONALD HINCHCLIFFE 


Measurements of the threshold of hear- 
ing for wide-band noise have been 
utilised in clinical audiology since 
Doerfler and Stewart (3) reported the 
use of a saw-toothed type of noise in 
a battery of audiometric tests designed 
to detect psychogenic deafness. There 
have, however, been no reports on the 
validity and reliability of random noise 
threshold measurements. This study was 
designed to explore that subject and, 
at the same time, to obtain data on the 
distribution of this function. 


Procedure 


Equipment. The random noise was 
produced by a masking generator that 
was constructed in the laboratory for 
use in conjunction with a speech “audi- 
ometer. The instrument consists of a 
conventional thyratron circuit with an 
amplifier and a 3 db step variable at- 
tenuator, and has already been described 
(10). The signal was fed to a Standard 
Telephones and Cables Type 4026 
earphone. This earphone was calibrated 
on a 3 cc coupler. 

The study was conducted in the 
Medical Research Council’s mobile 
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hearing research unit (9) where the 
ambient noise level in the observer’s 
booth conformed to the recommenda- 
tions (11) of the Medical Research 
Council’s Electro-Acoustics Committee. 


Observers. A random sample popula- 
tion, stratified for age and sex, was 
drawn from a representative rural area 
in Great Britain. The population of this 
area had already been defined by private 
census for an unrelated survey. This 
survey area was the Vale of Glamorgan 
in South Wales. Audiologically speak- 
ing, the sample population was con- 
sidered to be representative of the 
country as a whole because the pure- 
tone thresholds of hearing as a function 
of age for this population were found 
to be the same as those of another 
random sample population in south- 
west Scotland (6, 8). 

The total sample drawn from the 
Vale of Glamorgan numbered 400, with 
ages ranging from 18 to 74 years in- 
clusive, and with equal numbers of 
males and females. Of these, 100 people 
were drawn in the age group 18 to 24 
years inclusive so that the size and 
limits of this subsample would be com- 
parable to that of the sample on which 
the British Standard of the threshold 
of hearing by earphone listening was 
based (1). The other subsamples 
covered age spans of 10 years and 
there were 60 people in each subsample, 
with an equal number of males and 
females. Individuals in the sample were 
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Taste 1. Number of individuals clinically and audiometrically examined in each age group. 











Sex Age Group (in years) 

18to24 25t034 35t044# 4#toS¢4¢ SSto64 65to74 All Ages 
Male 43 21 24 24 18 19 149 
Female 37 25 17 20 21 19 139 
Both 80 46 41 44 39 38 288 








interviewed by home visitors who ar- 
ranged to bring these people to the 
mobile unit for the hearing tests. 


Experimental Method. At the mobile 
unit, a questionnaire relating to audi- 
ologic hazards was completed for each 
member of the sample. This was fol- 
lowed by a clinical otolaryngological 
examination and audiometric examina- 
tions for which methodology has been 
detailed previously (9). The air-con- 
duction threshold of hearing of both 
ears of each observer was measured 
first with the pure-tone audiometer 
and then with what can be termed 
the random-noise audiometer. Pure-tone 


thresholds were measured at frequen- . 


cies of 125, 250, 500, 1000, 2000, 3000, 
4000, 6000, and 8000 cps. The random- 
noise threshold was determined by the 
same psychophysical procedure of the 
method of limits, with the attenuator 
adjusted in 3 db steps. 

To assess the reliability of, and the 
influence of ‘practice’ on, the random- 
noise threshold measurement, an effort 
was made to repeat the noise threshold 


measurement on a number of unselected 
observers. This second test occurred 
one to five weeks later. 


Results 


It was possible to perform the com- 
plete clinical and audiometric exami- 
nation on 72% of the selected sample 
(the age and sex distribution of these 
observers is shown in Table 1) and to 
repeat the random-noise threshold de- 
termination on 26 unselected indi- 
viduals. 

For the purposes of the subsequent 
analysis, diseased ears were excluded 
on the basis of clinical criteria previ- 
ously described (7). The distribution 
of the clinically normal ears is shown 
in Table 2. 


Validity. The validity of the ran- 
dom-noise determination as a measure- 
ment of the threshold of hearing was 
assessed by comparing the threshold 
of hearing for random noise with that 
for individual pure tones. Product- 
moment correlation coefficients were 
calculated from the data on a sub- 


Taste 2. Number of clinically normal ears in each age group. 














Sex ‘Age Group (in years) 

18to24 25t034 35t044# 4to054¢ SSt064 65to74 All Ages 
Male 73 36 33 36 23 24 225 
Female 64. 36 23 32 28 25 208 
Both 137 72 56 68 51 49 433 











Hinchcliffe: Hearing Threshold for Random Noise 5 


Taste 3. Range of thresholds of hearing for pure tones in audiograms used to calculate 
correlation of threshold of hearing for random noise with that for pure tones, when 


threshold shifts are due to presbycusis only. 











Threshold Frequency (in cps) 

Shift (in db) 125 250 500 1000 2000 3000 4000 6000 8000 
Minimum 0 0 0 0 0 0 5 10 10 
Maximum 30 25 35 50 45 50 45 65 80 
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Figure 1. The correlation between the thresh- 
old of hearing for random noise and that for 
pure tones for observers with presbycusis 
only (dot within circle) and observers with 
conductive deafness (dot within triangle). 
The data for observers with presbycusis have 
been fitted with a sine curve which is defined 
by the equation: r = sin (88 log f — 179) 
— 0.1, where r = product-moment correla- 
tion coefficient, and f = frequency of pure 
tone. The horizontal dotted line marks the 
95% significance level of the correlation 
coefficients, 


sample (N = 20 ears) of women in 
the oldest age group. This age group 
was used because the effects of ageing 
would produce an appreciable scatter 
in the individual thresholds. The range 
of thresholds for each pure tone in 
this subsample is shown in Table 3. 
The calculated correlation coefficients, 
ds a function of frequency, are shown 
in Figure 1. The data are fitted with 
a sine curve of the equation: 


r=sin (88 log f — 179) — 0.1, (1) 


wherer =the product-moment correlation 
pret cert for the threshold of 
hearing for random noise and for 
a pure tone of frequency f cps. 


Fisher’s 2 transformation showed that 
the predicted r was within the 95% 
confidence limits of the actual r. 


For each frequency, a regression 
equation was derived to express the 
relationship of the random-noise thresh- 
old to the pure-tone threshold. Figure 
2 shows the value of the gradient (a) 
and the intercept (4) in the equation: 


y = ax; +t. b db, 
where y = threshold shift for random noise, 


and x; =threshold shift for a pure tone of 


frequency f cps. 
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Ficure 2. Values of the gradient (a) and the 
intercept (b) in the regression equation: 
y = ax; + b, where y db = threshold shift 
for random noise, and x; db = threshold 
shift for a pure tone of frequency f cps. 
Below 3000 cps the data for the gradient (a) 
have been fitted with a sine curve having the 
equation: a = sin (51 log f — 60) — 045, 
and that for the intercept (b) has been fitted 
with a straight line having the equation: b = 
13.8 — 4 log f where f cps is the frequency 
of the pure tone. 
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Taste 4. Range of thresholds of hearing for pure tones in audiograms used to calculate 
correlation of threshold of hearing for random noise with that for pure tones in cases of 


conductive deafness. 











Threshold Frequency (in cps) 

Shift (in db) 125 250 500 1000 2000 3000 4000 6000 8000 
Minimum 10 5 10 10 0 0 5 10 20 
Maximum 55 60 60 55 50 75 90 80 80 








Figure 2 also shows that, for frequencies 
of 3000 cps and below, the data for the 
gradient (a) can be fitted by a sine 
curve with the equation: 


=sin (51 log f — 60) — 0.45, (3) 


and the data for the intercept (b) can 
be fitted by a straight line with the 
equation: 


b = 13.8 — 4 log f, (4) 
where f cps = frequency of the pure tone. 


To assess the validity of measure- 
ments of the random-noise threshold in 
conductive deafness, ears giving a 
Rinne negative response to tuning fork 
tests were investigated. There were 11 
ears in this category in the age group 
from 21 to 44 years. For this group of 
11 ears, product-moment correlation 
coefficients were calculated for the 
threshold of hearing for random noise 


and that for pure tones. These co- 
efficients are shown along with the 
coefficients for nonconductively deaf 
ears in Figure 1. The range of thresh- 
olds for each pure tone in this sub- 
sample is shown in Table 4. 


Reliability and Practice Effect. For 
the 26 individuals who were tested 
twice, the test-retest reliability of the 
random-noise threshold gave a value 
of 0.89, in terms of a: product-moment 
correlation coefficient. Student’s ¢ test 
was applied to these data to determine 
the practice effect on retest. A mean 
improvement of 1.9 db was significant 
at better than the 0.01 level. 


Distribution. Table 5 shows, for each 
age group, the median thresholds of 
hearing for random noise, together with 
the upper and lower quartiles, and the 


Taste 5. Distribution of thresholds (median, upper and lower quartiles, and 95th percentile) 
of hearing for random noise as a function of age for clinically normal ears. Reference zero 
is median (Q:) random-noise threshold for 18-to-24-year age group. 











Age Group Thresholds (in db) 

(in years) Q: Q: Q; 9th % 
18 to 24 —1.6 0.0 2.4 5.9 
25 to 34 —1.0 0.7 4.9 9.4 
35 to 44 0.6 2.4 4.5 10.1 
45 to 54 1.6 3.7 6.6 11.8 
55 to 64 5.6 8.3 11.6 20.2 
65 to 74 6.6 10.0 14.5 30.1 
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95th percentile. These data apply to 
clinically normal ears and the reference 
zero is the median random-noise thresh- 
old for the 18-to-24-year age group. 
Since there was no sex difference, the 
data for the two sexes have been com- 
bined. 


Discussion 


As indicated in Figure 1, for ears in 
which the effects of ageing only are 
apparent, the threshold of hearing for 
random noise shows the highest cor- 
relation with that for a pure tone of 
about 1000 cps, with decreasing cor- 
relation for frequencies above and be- 
low this tone. Pure-tone thresholds 
were analysed for the group on which 
the correlation coefficients were calcu- 
lated. Threshold stimuli were expressed 
in terms of sound pressure levels for 
each of the nine frequencies used. The 
median threshold of hearing was lowest 
for a pure tone of 1000 cps, the Sth 
percentile was lowest for a pure tone of 
2000 cps, and the 95th percentile was 
lowest for a pure tone of 500 cps. It 
was therefore expected that the cor- 
relation coefficient maximum would be 
found around 1000 cps, decreasing on 
either side of this. No particular im- 
portance is attached to the fact that 
a sine curve fitted the data. 


With cases of conductive deafness 
(Figure 1), the correlations depart 
from the pattern of the more general 
case at the lower frequency end. 


As indicated in Figure 2, when the 
threshold of hearing for random noise 
is computed from any pure-tone thresh- 
old of hearing, the noise threshold is 
always lower than the pure-tone thresh- 
old. This is because parameters of 


central tendency are being dealt’ with 
here. Examination of individual audio- 
grams and the corresponding thresholds 
for random noise showed that the noise 
threshold was in each case the expected 
value when the absolute threshold of 
hearing was determined from the pure- 
tone thresholds by conversion of these 
to sound pressure levels. 


The test-retest reliability (r = 0.89) 
of the random-noise threshold measure- 
ment is the same order as that which 
was found in the case of pure-tone 
audiometry, whether it be discrete 
frequency or continuous frequency 
audiometry (2). Determination of the 
threshold of hearing for random noise 
can therefore be considered to be high- 
ly reliable. 


The mean improvement in the ran- 
dom-noise threshold, that is, about 2 
db, occurring at the second test, is 
also of the same order as that previously 
demonstrated for pure-tone audiometry 
(2). 

As evidenced by the threshold dis- 
tribution information in Table 5, there 
is a deterioration in the random-noise 
threshold with age. It has been shown 
previously that the deterioration in the 
thresholds of hearing for pure tones 
as a function of age follows an ex- 
ponential course when the threshold is 
expressed in terms of a psychological 
magnitude scale (5), that is, 


logy =ax + b, (5) 


where y = level of median threshold stimu- 
lus in terms of a psychological 
intensity scale, 
x=chronological age in years, 


and a and b are constants for a given fre- 
quency. 
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Ekman (4) has recently restated the 
psychophysical law so that it can now 
be written 

x=R ( — Go)”, (6) 
where x = the subjective intensity, 

¢@=the physical intensity, 


> = the physical intensity at thresh- 
old, 


and k and 7 are constants. 
Equations (5) and (6) may be com- 
bined to obtain 

log (¢ — ¢o) = ix + 2, (7) 


where @=the physical intensity of the 
median threshold of hearing at 
x years of age, 


¢@.=the physical intensity of the 
reference zero of the threshold 
of hearing, 
and i and z are constants. 
Calibration data for the random-noise 
audiometer indicated that the median 


-4 
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Figure 3. The random noise threshold as ‘a 
function of age. The straight line fitted to 
the data has the equation: log (¢@ — ¢) = 
0.032 « — 4.15, where ¢ dyn/cm’ = sound 
pressure of random noise that gives the 
median threshold stimulus at age x years, and 
> = 0,004132 dyn/cm’. 


threshold of hearing for people with 
normal hearing and in the age group 
18 to 24 years corresponded to an 
over-all noise level of 27 db SPL 
(= 0.004477 dyn/cm*). If the position 
is accepted that the threshold shift due 
to ageing has commenced before the 
age of 21.5 years, then the value of ¢, 
for the purposes of this analysis is some- 
what less than 0.004477 dyn/cm?. Ex- 
amination of the data showed that a 
suitable and probable value for ¢, is 
0.004132 dyn/cm?. Using this value, the 
median thresholds of hearing for ran- 
dom noise as a function of age have 
been replotted in Figure 3. The data 
conform very well to a straight line, 
confirming equation (7). The predicted 
median thresholds at a given age are 
within the 95% confidence limits of the 
actual data. Moreover, application of 
equation (7) to the data for pure tones 
also gives a good fit to the experimental 
data. Provided that adjustments are 
made in the value ¢,, a single straight 


line (that is, gradient and intercept con- 


stant and independent of frequency) 
can be shown to fit the experimental 
data for the frequencies 250 to 4000 cps 
inclusive. The differing rates of deterio- 
ration of pure-tone threshold with age 
may therefore be relative only and 
dependent upon expressing them on a 
particular scale. Moreover, the rate of 
deterioration of the threshold for these 
pure tones is the same as that for ran- 
dom noise. A difference in intercepts 
for the line applying to pure-tone 
threshold and that applying to the ran- 
dom-noise threshold is related to the 
difference between the width of the 
noise band and the width of the critical 
bands responsible for threshold stimu- 
lation. 
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Summary 


The thresholds of hearing for ran- 
dom noise and for pure tones were 
measured on a random sample of a 
representative rural population. After 
the exclusion of clinically abnormal 
ears, analysis of the data showed that: 


(a) there is a high correlation be- 
tween the threshold of~hearing 
for random noise and that for 
pure tones of 1000 cps and of 
the two adjacent octaves; 


(b) the test-retest reliability is high 
(r = 0.89); 


(c) on the second measurement of 
the random-noise threshold, 


there is an improvement of about 
2 db; 


(d) as is also the case for pure tones, 
there is a deterioration of the 
random-noise threshold with age 
according to the expression: log 
(¢ — ¢.) = ix + 2; where, in 
the case of the threshold for 
random noise, ¢ dyn/cm* = the 
physical intensity of the median 
threshold stimulus at x years of 
age; do = 0.004132 dyn/cm’; 
i = 0.032, and 2 = —4.15. 
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Parameters of Vowel Quality 


GORDON E. PETERSON 


During the past few years there has 
been an increasing accumulation of 
evidence that formant frequencies are 
of primary significance in the identifi- 
cation of vowels. This evidence has 
come from theoretical studies of the 
transmission properties of the human 
vocal tract, from experiments involv- 
ing systematic manipulations of the 
formant frequencies in studies of vowel 
quality, and from the successful de- 
velopment of instrumental procedures 
for the detection and generation of 
formant frequencies in speech analysis 
and speech synthesis, respectively. 

The primary purpose of this paper 
is to present further data and consider- 
ations regarding the identifying param- 


eters of spoken vowels. There is 


some evidence in the research litera- 
ture that parameters other than the 
formant frequencies may influence 
human judgments of vowel - qualities, 
and certain of these parameters are con- 
sidered in the analysis of the data of 
the present study. The speech samples 
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employed throughout were sustained 
vowels. 


Experimental Method 


The data presented here are de- 
rived from spoken vowels which were 
analyzed by means of amplitude sec- 
tions on the sound spectrograph. In 
this division of the paper a discussion 
of the techniques employed in collect- 
ing the data is followed by a review 
of the complications involved in form- 
ant measurements from such amplitude 
sections. 


Vowel Matches. For the major por- 
tion of the study, speakers in the 
anechoic chamber at the Bell Telephone 
Laboratories listened to recorded refer- 
ence vowels and attempted to produce 
vowels which were equivalent in pho- 
netic quality. This is the technique 
employed in a research study previ- 
ously reported (17). 

The subjects were men, women, and 
children who were native speakers of 
English. They were trained to produce 
the non-English vowels, and the sub- 
jects did not seem to have greater 
difficulty in forming matches to the 
non-English than to the English vowels. 
Also, the children seemed as flexible 
in producing the vowels and as critical 
in making the judgments as the adults. 
In general, two different utterances 
were obtained for each speaker. 
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The instructions for obtaining the 
matched vowels varied from one sub- 
ject to another, depending upon how 
readily the subject identified the con- 
cept of vowel quality, but in general 
subjects easily recognized the assigned 
task. Each subject and the experimenter 
worked together in the anechoic 
chamber to judge the recorded at- 
tempts by the subject. The work on 
any one vowel varied from a few 
minutes to as much as 30 or 40. In 
the experiment, both the speaker and 
the experimenter judged the speaker’s 
recorded attempts to match the ref- 
erence vowels, and almost without 
exception there was good agreement. 
Basically multidimensional judgments 
are involved. In some respects the 
procedure employed is similar to that 
required in psychophysical scaling 
(23). The vowels studied were oral 
(nonnasal) and only vowel matches 
which appeared to have normal phona- 
tion (normal vocal quality and natural 
fundamental voice frequency) were re- 
tained. It now appears, however, that 
the data might have been simpler to 
interpret if fundamental frequency also 
had been controlled. 


Calibrations. The methods, instru- 
mentation, and calibrations employed 
in the above mentioned study (17) 
also apply to those portions of the 
present report which involve the 
matching technique. Briefly, amplitude 
and frequency distortion measurements 
were made on the system with pure 
tones. The complete system employed 
for making the recordings and anal- 
yses (including the acoustical link) 
did not deviate significantly from a 
flat frequency response throughout the 


range of interest, so that formant am- 
plitudes could be measured readily. 
Amplitude sections of a pulse tone 
were made approximately every hour 
throughout the experiment in order 
to calibrate the amplitude and fre- 
quency scales of the analyzer. 


Formant Measurements. Difficulties 
in formant measurements when the 
fundamental voice frequency is high 
or when the formants are close togeth- 
er in frequency have been discussed 
previously (19). Lewis (13), van den 
Berg (25), and House and Stevens 
(7) have all shown that the formant 
bandwidths are generally less than 100 
cps, whereas the fundamental voice 
frequency in speech normally exceeds 
100 cps. Thus the voice harmonics do 
not provide an adequate sampling in 
the frequency domain for exact form- 
ant frequency, amplitude, and band- 
width determinations. 


The chief instance discussed in the 
above indicated paper (19) is that in 
which B, > F, (B, = bandwidth of 
the mth formant, F, = fundamental 
voice frequency, F, = frequency of 
mth formant). Unfortunately this 
‘ase is not particularly relevant to vowel 
formant measurements, for difficulties 
in such measurements result primarily 
from the fact that normally B, < F,; 
the measurement difficulties are aug- 
mented when F, > (F, — Fn — 1). 


Formant Data 


In the experiment, the reference 
vowels to which matches were obtained 
lie in the areas of the vowel chart (8) 
normally symbolized by [i1e© 2 @ 
a 2uuuw a 3]. The frequency and 
relative amplitude of each harmonic 
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of each of the matched vowels were 
tabulated, so that the formants could 
be specified. In some of these vowels, 
however, the formants lie close togeth- 
er in frequency and their measure- 
ment is often ambiguous. Thus the 
discussion in this paper has been 
restricted chiefly to vowels which 
have formants that are well separated 
in frequency. In this present section 
of the paper, data on the formant 
frequencies and relative amplitudes of 
such vowels are presented. 


Formant Frequencies. It has been 
shown that the frequency positions of 
the vowel formants are not consistent 
in their absolute values from one speak- 
er to another. It was found in a 
previous experiment that to a first 
approximation equivalent front vowels 
produced by different speakers tend 
to lie along lines of constant frequency 
ratio (J7). An essential question is 
whether the formant ratios involve 
linear frequency relationships, or 
whether the _ nonlinear 
characteristics of the ear affect listener 
judgment of formant ratios. The first 
two formants were chosen for exam- 
ination since they are known to be 
very closely associated with vowel 
value, and since the second formant 
varies over a considerable range of 
frequency. 


Figure 1 shows one conception of the 
use of auditory scales for an F2 versus 
F, plot. Linear frequency scales were 
employed in constructing the graph, 
and, if extended, the straight dashed 
lines would pass through the origin, 
so that they are lines of constant 
frequency ratio. The location of these 
dashed lines and the range over which 


frequency : 


they extend are based on data pre- 
viously published for the vowels in- 
dicated (20). The solid curves in this 
graph are lines of constant mel ratio 
(24). 

Matches on six different vowels. are 
shown in Figure 2. Generally, two 
independent amplitude sections were 
measured and plotted for each utter- 
ance by each speaker. Thus in most 
cases a speaker is represented by four 
points within the plot. Throughout 
Figures 2, 3, and 4, the reference 
vowels are shown by x. Dots and 
circles are alternated in order to pro- 
vide a distinction among adjacent 
vowels. For any given vowel, points 
nearest the origin are for men and 
points farthest from the origin are for 
children. The dashed straight lines 
which pass through the origin represent 
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Ficure 1. Ratio lines for the second formant 
versus the first formant for front vowels. 
The solid lines are for a constant mel ratio 
and the dashed lines are for a constant fre- 
quency ratio, 
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constant frequency ratios, and were 
drawn through an estimated distribu- 
tion center for the various sets of 
points. The solid curved lines associated 
with the dashed lines are lines of con- 
stant mel ratio. 

It will be noted that there is very 
little suggestion in Figure 2 that the 
distributions for [a], [u], and [w] lie 
along lines of constant frequency ratio. 
In this regard the distributions for 
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[a] and [u] appear to be consistent 
with the Peterson and Barney (20) 
data. It is evident from the graph that 
the data are entirely inadequate to 
determine in any substantial manner 
whether the formant ratios of matched 
vowels correspond more closely when 
expressed in frequencies or in mels. 
Thus at this time, the choice of scales 
for F2 versus F, formant plots must be 
based primarily upon the resulting dis- 

















Ficure 2. The frequency of the second formant versus the frequency of the first formant 
for a set of matched vowels by men, women, and children speakers. The references are 
shown by x. The dashed lines associated with the front vowels are for a constant frequency 
ratio and the solid lines are for a constant mel ratio. Dots and circles are alternated in 
order to provide a distinction among adjacent vowels. For any given vowel, points nearest 
the origin are for men and points farthest from the origin are for children. (Detail within 


rectangle enlarged at right.) 
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tribution (or spacing) achieved for 
the various vowels which it is desired 
to represent. Both the mel scale and 
the Koenig scale (9) seem to be fairly 
satisfactory. It may be noted, however, 
that when vowel loops for speakers 
with markedly different cavity sizes are 
plotted on log Fe versus log Fi paper, 
simple ratio lines for corresponding 
vowels are not preserved; also if the 


same linear scale is employed for both 
F. and Fj, the resulting vowel loop is 
considerably compressed in the dimen- 
sion of the first formant. Linear scales 
which preserve formant ratio lines, 
and which the author has found con- 
venient, are those employed for Figure 
2, with the scale for F, expanded by 
a factor of two over the scale for Fo. 

Analyses for three of the vowels, 
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Ficure 3. Data from amplitude sections for three different vowels matched by men, women, 
and children: log F. — log F; (the logarithm of the second, third, and fourth formants, 
respectively, minus the logarithm of the first; Fo (fundamental voice frequency); Ai — V: 
(the amplitude of the first formant minus the amplitude of the major valley or minimum 
between the first two formants in decibels); A: — Ae (the amplitude-of the first formant 
minus the amplitude of the second formant in decibels). The reference vowels are shown 
by x. Dots and circles are alternated in order to provide a distinction among adjacent 
vowels. For any given vowel, points nearest the origin are for men and points farthest from 
the origin are for children. 
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[1], [4], [w], as shown in Figure 2, rived from the same spectrographic 
are presented in Figure 3. In the lower sections are shown near the center of 
portion of Figure 3 are data for am- the figure for fundamental voice fre- 
plitude relationships, to be discussed quency. Within each vowel the series 
subsequently. Corresponding data de- is arranged according to the magnitude 






































& ce g 
to 10 s to 
° ° 
‘ P 0 3 Por 2°90 X 00%, % —_? 
0 Ps ; 
on? = °. = 70,00, oak eq, cee vee 0.8 - 0° - 
i ee oP 7 % be a ? 0 0% 
e 2, tad 
> ont eo" ent Petree iL 4 200% ** ogre” °° 2 . e *, “ies 
r as os a9 °. 
= Cs, a a 
©0 0.2.00 0 20 et © °00 90 xX oo 0 o%e 
us %, oo? 0%, 0 ap 00° , 00,0, qo ea ae 00° Om 
o4 we O4 os cd ts Ee aL. 
om % - 
°o 
0.2 0.2 oz 
° l | i] 1! i i Ps | i i 
° 10 20 30 ° 10 20 30 ° 10 20 30 











CYCLES 











RELATIVE AMPLITUDE IN DECIBLES 


s 





Ficure 4. Data from amplitude sections for three different vowels matched by men, women, 
and children: log Fs — log F: (the logarithm of the second, third, and fourth formants, 
respectively, minus the logarithm of the first); F. (fundamental voice frequency); Ai — V: 
(the amplitude of the first formant minus the amplitude of the major minimum or valley 
between the first two formants in decibels); A: — As (the amplitude of the first formant 
minus the amplitude of the second formant in decibels). The reference vowels are shown 
by x. Dots and circles are alternated in order to provide a distinction among adjacent 
vowels, For any given vowel, points nearest the origin are for men and points farthest from 
the origin are for children. 
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of the fundamental voice frequency. 
The upper portion of the figure was 
prepared to show the nature of the 
formant ratios which were obtained 
from the various utterances of the 
three vowels. This figure shows the 
logarithm of the ratio of the second, 
third, and fourth formants relative to 
the first; the first row of circles is for 
logio F2/F; and so forth. Such a set 
of values may be considered direction 
tangents in a multidimensional formant 
space. In a logarithmic plot, the points 
align horizontally for identical formant 
frequency ratios, regardless of the 
absolute magnitudes of the frequencies 
involved. It will be noted that the 
vowels [1], [a], and [w] can easily 
be distinguished on the basis of either 
the first two formants, as plotted in 
Figure 2, or on the basis of formant 
ratios, as shown in Figure 3. 


A sequence chart similar to that of 
Figure 3 is shown in Figure 4 for the 
vowels [e], [ce], and [3]. This latter 
figure is for a set of three closely 
associated vowels which are difficult 
to discriminate on the basis of all of the 
acoustical measurements made. The 
similarities of the logarithmic ratio 
plots for the three vowels show that 
at least some vowels cannot be dis- 
criminated on the basis of frequency 
ratios alone. 


When a three-dimensional formant 
frequency plot (F3 vs Fe vs F;) was 
prepared for these vowels, however, 
it was found that the volumes encom- 


passing each of the three sets of points 


were relatively isolated. That is, while 
the points fall near similar ratio lines, 
they differ in positions along those 
lines, that is, in absolute magnitudes. 


There is, of course, no means of re- 
ducing such a three-dimensional set of 
data to achieve better vowel separation 
than that obtained with the complete 
set. Various projections of such three- 
dimensional plots may be made, but 
optimum separation among all vowels 
is not achieved with any single projec- 
tion. The projection onto the Fy. 
versus F, plane has, however, proved 
to be especially valuable in phonetics 
research. 


Formant Amplitudes. Since formant 
bandwidths are generally less than the 
fundamental voice frequency, spec- 
trographic displays of harmonic com- 
ponents cannot render particularly 
accurate formant amplitude data. 
While various techniques are now be- 
ing developed for more precise formant 
frequency and amplitude measurements, 
these were not available to apply to 
the present data. The formant ampli- 
tude measurements which were derived 
from the vowel amplitude sections are 


" shown in the lower portions of Figures 


3 and 4. A; — Ag represents the differ- 
ence in amplitude of the first two 
formants, and A; — V; represents the 
difference between the amplitude of 
the first formant and the level of the 
major minimum (or valley) between 
the first two formants. 


It was found early in the experiment 
that the higher formants for the vowels 
of the matching data were not as low 
in amplitude as those found in the 
Peterson and Barney (20) study. Care- 
ful and repeated checks of the calibra- 
tions established that the amplitude 
relations were indeed different from 
those of the previous data. 
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Taste 1. Vowel fundamental, formant frequencies and amplitudes for a selected set of 


matched vowels, [i], [1], [u], [vu]. Men, women, and children are indicated by M, F, and 
C, respectively. 











Informant F, F, F,; F; F, A; A: A; A, 
For Vowel [i] 
REF (M) 125 250 2240 2740 3560 60 56 60 57 
HKD(M) 122 260 2450 3180 3610 60 52 56 57 
RHK(M) 123 260 2420 3200 3780 60 47 42 45 
GEP(M) 125 250 2220 2880 3520 60 50 4 53 
JB(F) 245 340 2700 3310 4310 60 50 53 58 
TR(F) 246 340 2580 3100 4580 60 49 48 43 
AC(F) 259 340 2560 3210 4010 60 56 50 51 
JHP(C) 264 370 2900 3540 60 49 48 
GGP(C) 291 - 380 3000 3490 4250 60 50 49 48 
JAG(C) 355 430 3370 4010 5320 60 45 44 43 
For Vowel [1] 
REF (M) 113 350 1890 2490 3380 60 58 53 56 
RHK(M) 100 370 2050 2730 3750 60 35 42 37 
AJP(M) 112 340 2020 2600 3540 60 55 55 57 
GEP(M) 118 340 1940 2460 3420 60 54 54 55 
HKD(M) 125 380 2220 2700 3740 60 55 55 53 
JB(F) 212 440 2310 2940 4340 60 60 60 53 
TR(F) 225 410 2030 2860 4220 60 46 50 42 
GGP(C) 228 430 2420 3150 4610 60 43 47 43 
JHP(C) 234 440 2550 3280 4610 60 51 47 48 
JAG(C) 300 480 3000 3600 4800 60 49 46 35 
For Vowel [u] 
REF (M) 140 280 980 2240 3500 60 46 26 35 
GEP(M) 134 270 940 2140 3460 60 49 31 33 
HKD(M) 137 290 1030 2190 3100 60 43 36 32 
AC(F) 238 380 900 2380 3810 60 41 30 34 
GEP(M) 239 310 810 2150 3820 60 40 28 38 
HKD(M) 249 400 850 2190 3240 60 41 39 34 
TR(F) 252 380 1010 2770 4030 60 52 35 37 
JB(F) 269 400 1080 2610 4040 60 54 35 46 
GGP(C) 277 390 1080 3080 4210 60 44 39 39 
JHP(C) 290 410 1070 3190 4380 60 46 31 43 
For Vowel [u] 
REF (M) 131 470 1000 2450 3240 60 55 48 52 
RHK(M) 127 480 1020 2100 3390 60 54 41 39 
GEP(M) 128 470 960 2520 3230 60 51 38 42 
HKD(M) 128 460 1080 2270 2850 60 48 45 37 
EED(M) 136 490 1220 2560 3260 60 52 48 40 
AC(F) 220 570 1060 2290 3520 60 58 42 41 
TR(F) 234 470 1150 2570 3980 60 57 31 30 
GGP(C) 263 500 1260 3180 4210 60 55 ro) at 
JHP(C) 264 500 1290 3480 4170 60 49 36 42 
JAG(C) 282 560 1320 3780 4480 60 54 47 44 








Tables 1, 2, and 3 present measure- quencies, and the first four formant 
ments of the fundamental voice amplitudes for a selected set of matches 
frequency, the first four formant fre- for each of the vowels studied. Table 
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Taste 2. Vowel fundamental, formant frequencies and amplitudes for a selected set of 


matched vowels, [e], [ze], [a], [s-]. Men, women, and children are indicated by M, F, and 
C, respectively. 











Informant F, F; F,; Fy F, A: A; A; A, 
For Vowel [¢] 
REF (M) 127 530 1780 2410 3560 60 55 51 53 
RHK(M) 96 560 1680 2500 3740 60 51 48 40 
GEP(M) 125 580 1840 2500 3400 60 52 48 51 
HKD(M) 125 580 1940 2560 3600 60 50 49 48 
EED(M) 129 560 2300 2970 3740 60 58 53 51 
RHK(M) 168 500 1830 2620 4030 60 55 51 47 
TR(F) 233 630 1930 2800 4260 60 48 45 43 
HKD(M) 235 610 1930 2440 3740 60 57 53 44 
GEP(M) 237 570 1710 2370 3630 60 O54 51 51 
AC(F) 244 710 1900 2700 4370 60 52 49 47 
JB(F) 246 740 2210 2950 4230 60 59 59 55 
GGP(C) 250 720 2220 3400 4620 60 53 44 44 
JHP(C) 253 630 2230 3490 4710 60 56 51 47 
JAG(C) 295 770 2420 3780 5070 60 a7 55 42 
For Vowel [ez] 
REF (M) 124 710 1560 2470 3720 60 57 52 54 
GEP(M) 125 700 1590 2400 3540 60 55 46 48 
HKD(M) 128 760 1760 2560 3560 60 58 52 43 
AJP(M) 128 760 1600 2430 3990 60 59 53 58 
JB(F) 215 990 1850 2920 4300 60 58 53 50 
JHP(C) 254 990 2140 3350 4320 60 53 48 a4 
GGP(C) 259 960 1970 2720 4020 60 59 50 42 
TR(F) 260 910 2060 2880 3900 60 51 46 39 
JAG(C) 280 1120 2380 3610 4760 60 57 46 37 
For Vowel [a] 
REF (M) 132 650 1270 2600 3630 60 53 48 49 
HKD(M) 125 690 1260 2650 3440 60 55 49 51 
RHK(M) 128 680 1240 2610 3660 60 54 44 46 
GEP(M) 130 640 1260 2550 3600 60 58 43 45 
EED(M) 132 660 1290 2720 4140 60 56 41 43 
RHK(M) 163 440 1140 2580 3730 60 53 37 45 
JB(F) 211 810 1400 2740 4200 60 56 45 47 
AC(F) 215 640 1200 2260 4080 60 60 42 35 
GEP(M) 218 650 1310 2640 3990 60 54 44 41 
TR(F) 229 800 1300 2820 4100 60 57 43 38 
HKD(M) 260 700 1220 2550 3640 60 56 53 39 
GGP(C) 260 780 1430 3040 4420 60 52 43 40 
JHP(C) 260 780 1480 3590 4680 60 54 45 48 
JAG(C) 281 840 1570 3650 4950 60 54 45 37 
For Vowel [3] 
REF (M) 129 390 1340 1640 3300 60 58 51 39 
RHK(M) 127 510 1360 1650 3050 60 58 53 32 
GEP(M) 128 410 1320 1560 3460 60 55 53 39 
HKD(M) 132 490 1410 1780 2980 60 57 53 39 
TR(F) 226 380 1490 1760 4090 60 48 48 37 
JB(F) 240 670 1610 2160 3840 60 58 46 51 
GGP(C) 253 510 1570 1900 3800 60 55 51 33 
JHP(C) 263 530 1680 2000 4210 60 53 50 40 
JAG(C) 270 540 1620 2320 4180 60 53 48 35 
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Taste 3. Vowel fundamental, formant frequencies and amplitudes for a selected set of 


matched vowels, [ce], [a], [uw], [>]. Men, women, and children are indicated by M, F, 
and C, respectively. 











Informant F, F, F, F; F, A; A: As A, 
For Vowel [@] 
REF (M) 136 480 1560 2110 3200 60 52 49 50 
RHK(M) 131 470 1430 2080 3280 60 54 46 36 
HKD(M) 133 490 1580 2060 3140 60 56 46 35 
GEP(M) 137 490 1450 2060 3260 60 57 49 49 
AC(F) 236 660 1650 2050 3870 60 55 55 45 
GGP(C) 238 500 1830 2980 3930 60 54 46 40 
TR(F) 248 420 1740 2180 4290 60 47 49 38 
JHP(C) 262 520 1830 2280 3450 60 50 45 38 
For Vowel [q] 
REF (M) 125 750 1020 2620 3780 60 60. 46 51 
RHK(M) 100 730 1040 2300 3400 60 60 42 36 
GEP(M) 125 710 1080 2530 3660 60 60 37 40 
HKD(M) 125 850 1120 2750 3440 60 58 50 45 
AC(F) 209 1090 2570 3970 60 39 30 
JB(F) 208 1040 2810 4040 60 43 42 
TR(F) 218 1130 3050 4140 60 42 35 
GGP(C) 255 990 3060 3720 60 43 42 
JHP(C) 259 1040 3630 4300 60 43 43 
JAG(C) 271 1330 3770 4880 60 46 39 
For Vowel [ut] 
REF (M) 141 280 1410 2210 3400 60 43 42 41 
RHK(M) 138 260 1130 2040 3340 60 45 37 31 
GEP(M) 141 280 1340 2220 3460 60 41 47 43 
TR(F) 246 390 1260 2610 4110 60 49 39 37 
JB(F) 250 380 1750 2450 4250 60 54 46 49 
AC(F) 268 400 1340 2250 4100 60 57 37 43 
JAG(C) 282 400 1610 3380 60 41 33 
GGP(C) 285 400 1140 2960 4280 60 43 34 40 
JHP(C) 290 380 1450 2900 4380 60 49 36 47 
For Vowel [9] 
REF (M) 124 620 870 2630 3840 60 53 32 37 ‘ 
RHK(M) 91 540 840 2150 3230 60 56 31 34 
HKD(M) 122 610 850 2680 3220 60 54 41 37 
GEP(M) 125 610 890 2620 3720 60 53 32 36 
EED(M) 125 660 880 2620 4050 60 55 35 43 
AC(F) 222 800 2090 3550 60 43 41 
JB(F) 235 820 2960 3760 60 37 45 
TR(F) 230 740 2640 3910 60 31 31 
GGP(C) 248 740 2830 60 30 
JHP(C) 261 780 3680 4620 60 45 47 
JAG(C) 308 800 3660 4590 60 31 34 








1 is for the vowels [i 1 u vu], Table set of data was examined critically, and 
2 is for the vowels [e 2 a x], and a characteristic match by each subject 
Table 3 is for the vowels [ce a wi 9]. to each vowel was selected for presen- 
In constructing the tables the entire tation. For some subjects matches were 
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not available for all of the vowels, 
and for some of the vowels satisfactory 
measurements could not be made. For 
each vowel, the data are arranged ac- 
cording to the fundamental voice 
frequency of the particular match 
selected for presentation in the table: 
In general, vowel matches for which 
the frequency or amplitude formant 
data were obscure or ambiguous were 
omitted. In a few instances, gaps in the 
data indicate that a particular formant 
was not evident in the amplitude 
section. The first formant for each 
vowel was arbitrarily assigned a level of 
60 db. The first formant almost uni- 
versally had the greatest amplitude in 
the analyses. There were occasional 
amplitude reversals, but they rarely 
involved more than one or two dec- 
ibels. 


GEP was the reference (REF) 
speaker throughout. High pitch (some- 
times falsetto) matches to three of 
the vowels [e€ vu u] are included in 
the tables. These matches are not 
marked in any special way, except as 
they are indicated by repetition of 
informant initials and by the funda- 
mental voice frequency. As discussed 
previously, the derivation of the fre- 
quencies and amplitudes of the first 
two formants for such vowels as [a] 
and [9] is difficult when the funda- 
mental voice frequency is high. In such 
cases a single broad peak is usually 
evident in the amplitude sections. To 
indicate the general order of magnitude 
involved, a single frequency measure 
is given in the tables for the first two 
formants of these vowels. The first 
two formants were assigned the same 
peak amplitude (60 db). 


One criterion in selecting subjects 
was that they should produce a rela- 
tively clear normal voice quality. It 
may be that both the reference speaker 
and the subjects employed somewhat 
sharper glottal tones and somewhat 
more open mouth positions than those 
common among a heterogeneous group 
of speakers. If so, these effects would 
explain at least some of the difference 
between the formant amplitude values 
in the tables and previously published 
data (4, pp. 109-120). It will be noted 
from both Figures 3 and 4 and also 
from Tables 1 and 2 that formant 
amplitudes have little to contribute to 
differentiation among the various 
vowels analyzed in this experiment. 


Related Vowel Parameters 


While formants provide the primary 
basis for distinguishing among vowels, 
the type of laryngeal excitation applied 
to the vocal cavities obviously affects 
formant detection and measurement in 


.the output signal. Two extremes of 


phonation are whispering and falsetto. 
In the present experiment a number of 
matches were obtained to vowels pro- 
duced with these two types of laryngeal 
excitation. Some informal observations 
on whispered vowels are presented 
below, but because of the complications 
in formant measurements, the results 
of the vowel matches are not presented 
in detail. The supralaryngeal modifica- 
tion of nasalization is another major 
aspect of vowel production which 
should be considered. Matches with 
nasalized vowels were not obtained, 
but some informal observations on 
nasalized vowels also are presented 
below. 
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Whispered Vowels. One basis for an 
interest in whispered vowels is that 
they have relatively continuous spectra. 
In such vowels the activation of the 
supralaryngeal cavities is produced 
with a partially closed glottis which 
creates a friction or random type of 
excitation. Because of the quasi-random 
nature of the output, more consistent 
information is derived if the energy 
composition of whispered vowels is 
evaluated over a period somewhat 
longer than that involved in normal 
short-time amplitude sections with the 
sound spectrograph. The long-time 
sectioner, previously described (2/), 
provides a suitable integrating time, 
and it was applied to the analysis of 
a considerable number of matched 
whispered vowels. The analysis shows 
that there is a tendency for some reso- 
nance frequencies to shift upward when 





{z], [a], and [a], produce 


a vowel is whispered, and also that in 
many cases the low frequency energy 
(in the region of the first formant) is 
relatively weak in amplitude. 

In Figure 5 wide-band sound spec- 
trograms and narrow-band amplitude 
sections involving whispered speech 
are presented. In forming the vowels 
for these spectrograms a mechanical 
vibrator was held against the throat 
and an attempt was made to hold the 
vocal cavities in a fixed position 
throughout. A mirror was employed 
to check the position of the larynx. 
The left hand portion of each picture 
involves normal phonation with the 
vibrator turned off; at the discontinuity 
the vibrator was turned on. The com- 
bined weak level of low frequency 
energy from the glottis and the me- 
chanical vibrator is evident in the 
amplitude sections. For each of the 


aS 


Figure 5. Broad-band sound + per gare and amplitude sections of three different vowels, 


under three different conditions of vocal cavity excitation. 


e first portion of each spectrogram is for normal phonation. The second part was 
produced as indicated, with the addition in each case of an external mechanical vibrator. 
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and [ul]. 


three vowels in the upper series, normal 
phonation was followed by whispering 
plus mechanical excitation. The shifts 
in resonance frequency positions are 
clearly evident. In the second series 
the normal phonation was followed 
by a relaxed or open glottis. Rather 
pronounced resonance shifts also 
appear in this series of spectrograms. 
By means of x-ray studies, Sovijarvi 
(22) found previously that there is a 





Ficure 6. Broad-band spectrograms of an oral-nasal-oral sequence for the vowels [e], [a], 


tendency to raise the tongue during 
whispered vowels, and associated 
changes in tongue position may account 
for some of the formant shifts evident 
in Figure 5. Following the normal 
phonation shown in the lower three 
spectrograms, the larynx was closed 
and the mechanical vibrator was turned 
on. In this latter case there is no ob- 
servable shift of the resonance fre- 
quencies from the case of normal 
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phonation to that of closed glottis. 
This observation lends qualitative 
support to previous conclusions (5) 
that during normal phonation the 
larynx impedance is relatively high 
(as when the glottis is closed). 

The above described effects in 
whispered speech are, of course, me- 
chanical in nature. The difficulties in 
measuring the formant frequencies of 
whispered vowels made it impossible to 
determine from the vowel matching 
data whether minor adjustments are 





made in whispered vowels to render 
them perceptually equivalent to voiced 
vowels. It may be that the listener 
automatically adjusts to or corrects 
for those differences which result from 
applying a frictional glottal source to 
the same vocal tract configurations em- 
ployed in phonated vowel formations. 
Possible secondary adjustments of 


formant frequencies during whispering 
to compensate for the absence of 
fundamental voice frequency have been 
discussed by Meyer-Eppler (5). 


Ficure 7. Broad-band spectrograms and amplitude sections for the vowel series: [i a ul. 
The upper spectrogram shows two repetitions of the three vowels without nasalization, and 
the lower spectrogram shows two repetitions of the three vowels with the velum relaxed. 
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Nasalized Vowels. The discussion 
thus far has assumed a velopharyngeal 
closure. When there is an opening into 
the nasal passageway during vowel 
formations, the resulting effects upon 
perception may be considerable. Acous- 
tically, the effects are primarily due to 
adding a branch cavity along the vocal 
tract; the acoustical theory of nasaliza- 
tion has been developed elsewhere (3, 
6) and will not be reviewed here. 
When there is a posterior opening 
into the nasal passageway, relatively 
marked effects upon the spectrum of 
the sound emitted from the mouth 
may be observed, whether the nose 
is open or closed anteriorly. An impor- 
tant consideration is whether the naso- 
pharynx is coupled to the back cavity 
behind the hump of the tongue or to 
the front vocal cavity. 

Figures 6 and 7 illustrate some of 
the acoustical effects which may be 
observed in nasalized speech. For 
Figure 6, three different vowels, [e], 
[a], and [u], were produced with the 


velopharyngeal sequence: closed-open- 


closed; Figure 7 shows broad band 
spectrograms and amplitude sections for 
two repetitions of the vowel series 
[i a u} and [i @ &]. A mirror was 
employed to assist in holding other 
organs of the vocal tract, including 
the larynx, in as fixed a position as 
possible. 


It can be seen from Figures 6 and 7 
that generalizations about the acous- 
tical spectrum of nasalized vowels 
must be made with considerable 
caution. The following effects appear 
to be associated rather frequently with 
nasal vowels. 


a. There is a change in the level of 
the low frequency energy relative to 


the high frequency energy: The first 
formant may be broadened and shifted 
in frequency. 

b. Secondary resonances may appear 
between the primary formants; these 
are most evident, of course, when the 
primary formants are well separated in 
frequency. The secondary resonances 
are more dependent upon the fixed 
nasal cavities, and thus are less variable 
than the primary formants. Numerical 
values for the secondary resonance 
frequencies cannot be given, of course, 
for like the primary formant fre- 
quencies they do not remain constant 
when different speakers produce 
similar vowels. 

c. The energy level of the third 
formant may increase or decrease, and 
its frequency may shift up or down, 
depending upon the particular vowel 
formation. This fact is clearly illus- 
trated in Figure 6. 

It appears, then, that nasality in- 
volves a combination of _ several 
acoustical effects (3), and that these 
effects vary among different vowels. 
As in the case of many consonants, the 
unifying pattern appears to be asso- 
ciated with the vocal tract as the 
information source. Oral vowels appear 
to be somewhat simpler in their acous- 
tical transformation than in their 
physiological form; but this is not 
true for the nasalization aspect of 
vowels, in which the degree of velo- 
pharyngeal closure is the essential 
component. 


Vowel Perception 


The above data indicate that neither 
a fixed formant frequency nor a form- 
ant frequency ratio hypothesis is ade- 
quate to explain vowel perception fully. 
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It appears that a relatively large number 
of factors must be considered in in- 
terpreting vowels. The following 
considerations appear to be of major 
significance. 


Fundamental Voice Frequency. 
There are several indications that 
fundamental voice frequency may be 
a significant determinant of vowel 
quality. Since certain of the vowels 
displayed in Figure 2 do not appear 
to follow a formant frequency ratio 
pattern, it seems possible that funda- 
mental voice frequency may have in- 
fluenced the judgments when the vowel 
matches were made. It is possible, of 
course, either in speech synthesis or 
in human speech to alter the funda- 
mental voice frequency without appre- 
ciably changing the formant fre- 
quencies. 


In an experiment with a tone gen- 
erator, Miller (16) showed that when 
only a portion of the vowel spectrum 
is presented, for example, only the first 
two formants, changes in fundamental 
voice frequency may considerably alter 
the judgment of vowel quality. In the 
back vowels, where a relatively pro- 
nounced effect of fundamental voice 
frequency upon vowel perception was 
observed, a number of factors may be 
involved. In certain of the back vowels 
the higher formants are relatively weak 
in amplitude, and experiments have 
shown that the intelligibility of back 
vowels is reduced very little when 
formants above the second are elim- 
inated (12, 18). Since, in general, the 
formant frequencies are much higher 
for speakers with small cavity sizes, 
the first two formants are inadequate 
to distinguish back vowels among men, 
women, and children. For example, 


the first two formants of the [>] of a 
child’s voice correspond approximately 
to the position of the first two formants 
for the [a] of a man. If a man raises 
his fundamental voice frequency to 
correspond to that of a child (falsetto), 
and the higher formants are removed 
by filtering, the acoustical result cor- 
responds very closely to the [3] of 
a child with low-pass filtering and may 
be so interpreted by a listener. 

An even more general relation be- 
tween fundamental voice frequency 
and vowel perception was observed by 
Wendahl (26). His experiments were 
conducted with a series resonance 
synthesizer, which simulated the first 
five formants and was excited by a 
recurrent impulse. Wendahl employed 
characteristic resonance positions for 
various vowels for both men and 
women speakers, and shifted the funda- 
mental voice frequency over a wide 
range. His results showed that when 
the formant positions were held con- 
stant, the vowel value judgments varied 
with different fundamental voice fre- 
quencies. 

Further research is much needed to 
determine the basic principles involved 
and to quantify the effects of funda- 
mental voice frequency upon vowel 
perception. The possibility of an in- 
verse effect in which the formant fre- 
quencies influence the perception of 
fundamental voice frequency. should 
also be mentioned. Such an influence 
might be expected since the spectrum 
of.a complex sound has an effect upon 
the perception of its fundamental fre- 
quency (/#). 


Formant Amplitude. Experiments 
with synthetic speech (16) have found 
an effect of formant amplitude upon 
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perceived vowel value. When formant 
amplitude relationships are sufficiently 
distorted, about the only two possi- 
bilities are that the sound will be per- 
ceived as some other vowel or that it 
will cease to sound like any human 
vowel. If a formant is reduced in ampli- 
tude so that it becomes lost in the 
background, or if it is increased in 
amplitude so that it obscures a nearby 
formant, then marked effects upon 
vowel perception may be expected. An 
interesting case is described by Delattre 
(2) in which a marked reduction in the 
amplitude of the first formant in syn- 
thesized speech causes vowels to be 
perceived as nasal. 


In normal speech the major formants 
move about in the frequency domain 
with a continuity that would make them 
considerably more difficult to obscure 
by amplitude distortions than would be 
possible with synthesized vowels. The 
work of Fant (4, pp. 109-120) has 
shown that there are certain constraints 
on formant amplitudes. Altogether, it 
seems likely that in the perception of 
actual speech, formant amplitude vari- 
ations are of secondary significance. 


Phonetic Environment. Ladefoged 
and Broadbent (J, 11) have demon- 
strated that the phonetic environment 
of an utterance may have a significant 
influence upon its perception. In their 
experiment a test word was preceded 
by a synthesized introductory sentence. 
In a series of presentations, the fre- 
quencies of the first or second (or both) 
formants were shifted in a systematic 
manner within the sentence which pre- 
ceded the test word. It was found that 
the same recording of the, test. word, 
that is, the same physical stimulus, was 


judged differently depending upon the 
introductory sentence. 


Such formant frequency shifts are 
primarily associated with speaker identi- 
fication. While the experiments of 
Ladefoged and Broadbent involved syn- 
thesized speech, it is conceivable that 
similar effects may be observed in the 
interpretation of normal speech. In 
particular, the judgment of a vowel 
produced by a particular speaker with- 
in a context may perhaps vary, de- 
pending upon the nature and the extent 
of the utterance preceding the vowel. 
There are, in fact, several aspects of 
the nature and extent of environmental 
influence upon vowel production and 
perception which merit further investi- 
gation. It is obvious, however, that in 
general, linguistic judgments cannot be 
based upon environment alone, for if 
every sound were determined solely 
by its environment, there would be no 
means of determining any sound with 
which to construct an environment. 


. The possible intereffects of phonetic 


environment upon vowel perception 
in the speech of individual speakers, 
however, pose an interesting challenge 
for future experimental linguistics re- 
search. 


Conclusion 


From the preceding data and discus- 
sion it appears that a number of factors 
are involved in vowel perception. Only 
to a first approximation do phonetically 
equivalent vowels have similar formant 
frequency ratios. The primary basis 
for this hypothesis is in the nature of 
acoustical models. Since the vocal cavi- 
ties of men, women, and children are 
similar in general shape rather than in 
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size, it seems reasonable that vowels 
produced with similar articulatory 
shapes should have formant frequencies 
which do not correspond in absolute 
magnitudes, but which do have similar 
frequency ratios. Thus in the develop- 
ment of speech, for example, a child 
acquires certain articulatory neuro- 
muscular coordinations. By employing 
a system of formant ratios, his articula- 
tory patterns need not alter appreciably 
as his vocal cavities increase in size. 


It should be emphasized that while 
phonetically equivalent vowels have 
somewhat similar formant frequency 
ratios, it does not follow that all vowels 
with similar formant frequency ratios 
are phonetically equivalent. For vowels 
to be perceptually equivalent it appears 
necessary that absolute values of their 
formant frequencies lie within certain 
limits. The influence of absolute mag- 
nitude of formant frequency is il- 
lustrated when vowel spectra are 
multiplied or divided by a constant 
factor, as by speed changes with a 
record-reproduce system (10). When 
the factor of multiplication or division 
becomes large, a marked reduction in 
vowel intelligibility results. Such an 
experiment has limited significance 
in the interpretation of vowel quality, 
however, since formant ratios remain 
constant, but formant bandwidths and 
the fundamental voice frequency are 
altered according to the factor of multi- 
plication or division. 


Formant amplitudes, fundamental 
voice frequency, and phonetic environ- 
ment, in addition to formant fre- 
quencies, all appear to have an influence 
upon the perception of vowel qualities. 
This formulation seems to be consistent 


with more general considerations of 
perception. Characteristically, there are 
certain underlying patterns on which 
perceptual judgments are based. How- 
ever, these patterns normally involve 
certain magnitudes and are associated 
with certain stimulus backgrounds or 
frames. When the magnitudes of the 
vowel parameters or when the frames 
in which the formant patterns are pre- 
sented become sufficiently distorted, 
then different observer responses may 
result. According to such a pattern- 
experience concept of perception, 
markedly nonlinear effects may be 
anticipated when the stimulus param- 
eter magnitudes fall far beyond their 
normal range. 


Future Research 


There yet remain many interesting 
and basic questions about the percep- 
tion of vowels. Studies with human 
vowels are at present considerably 
handicapped by limitations in instru- 
mental techniques for the measurement 
of vowel formants. Speech synthesis 
thus appears to provide a more satis- 
factory method for the investigation 
of certain of the problems. 


Unfortunately, as yet there are very 
few basic psychophysical data on the 
perception of formant frequencies. The 
simplified analog of a vowel is a re- 
currently impulsed resonator; and al- 
though a great deal of experimental 
information is available about the audi- 
tory perception of pure tones, clicks, 
and random noise, little is known about 
the perception of recurrently impulsed 
resonators. Probably the most impor- 
tant problem for immediate investiga- 
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tion is the effect of fundamental 
excitation frequency upon resonator 
frequency discrimination. Other param- 
eters of experimental interest are 
resonator bandwidth and stimulus am- 
plitude and duration. 

The relationships among fundamental 
voice frequency and the formant ampli- 
tudes and frequencies of perceptually 
equivalent vowel sounds is a subject 
yet requiring basic study. The per- 
ceptual evaluation of dynamic vowel 
patterns in speech is a third problem 
of major interest. The problem may be 
formulated as that of relating the mov- 
ing formants of actual speech to dis- 
crete vowel patterns. The quantification 
of the intereffects of phonetic environ- 
ment in vowel perception is a further 
major area for experimental study. 


Summary 


This study is concerned with the 
various acoustical parameters involved 
in vowel production and perception. 
Most of the data presented are based 
on analyses of sustained vowels which 
were matched to a set of reference 
vowels by various speakers in an ane- 
choic chamber. Formant amplitudes, 
fundamental voice frequency, and pho- 
netic environment are considered, in 
addition to formant frequencies, as 
factors which influence listener judg- 
ments of sustained vowels. A pattern- 
experience theory of vowel percep- 
tion is suggested in which the ratios of 
formant frequencies may be considered 
to control judged vowel quality only 
within the normal limits of parameter 
magnitudes and the phonetic frame 
involved. Problems for future research 
on vowels are indicated. 
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Relationship between Auditory Comprehension 
and Word Frequency in Aphasia 


HILDRED SCHUELL 


JAMES JENKINS 


LYDIA LANDIS 


Previous studies have shown that fre- 
quency of usage in the language is an 
important factor in word recognition. 
Rosenzweig and Postman (8), review- 
ing the literature on perception and 
word frequency, reported that words 
presented individually in the presence 
of masking noise were identified more 
readily by normal subjects as frequency 
increased. Other studies have’ indicated 
that frequency is a significant factor in 
both auditory and visual recognition 
of words (4, 6, 13). Howes (2) found 


word frequency contributed to in- * 


telligibility of sentences. Siegel (12) 
found aphasic subjects reading orally, 
had less difficulty reading high frequen- 
cy than low frequency words, Wep- 
man, Bock, Jones, and Van Pelt (16), 
comparing the speech of an aphasic 
subject with that of a normal subject 
and a model of normal speech, con- 
cluded that all but the most frequent 
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nouns, verbs, and adjectives tended to 
be absent from the speech of the 
aphasic subject. 

Schuell and Jenkins (/1) reported 
reduction of vocabulary in four lan- 
guage modalities in aphasia: compre- 
hension of spoken words, naming, 
reading, and writing. The difficulty 
aphasic subjects have understanding 
spoken language has often been cited 
(9, 10, 15, pp. 144, 149, 463, 468). Int 
order to explore the hypothesis that, 
in some ways at least, breakdown and 
recovery of language processes in 
aphasia are orderly and predictable in 
terms of what is known about language 
behavior in general, the present study 
explores the relationship between (a) 
ability of aphasic subjects to compre- 
hend spoken words and (b) relative 
frequency of word usage in the lan- 


guage. 


Procedure 


Subjects. Subjects were drawn from 
a total population of 154 aphasic pa- 
tients in the Aphasia Section of the 
Neurology Service of the Minneapolis 
Veterans Administration Hospital. 
These patients had been tested on the 
Minnesota Test for Differential Di- 
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agnosis of Aphasia (8). These were 
consecutive admissions, except that pa- 
tients were eliminated who were not 
aphasic, were unable to respond to 
testing, were psychotic, or showed re- 
gressive behavior. Within this series, 
subjects of the present study were 48 
patients, 47 males and one female, to 
whom the Ammons Full-Range Picture 
Vocabulary Test, Form A (J), had 
been administered before treatment 
was initiated and again after treatment 
was terminated. Intervals between the 
two test administrations ranged from 
one to 12 months; the mean interval 
was 3.5 months. The age range of the 
48 subjects was from 19 to 70 years, 
the mean age was 47. Education ranged 
from fourth grade through college, 
with a mean of 11 years of schooling. 
Of the total, 36 subjects were aphasic 
as a result of cerebrovascular accidents, 
six from trauma, three following in- 
fectious processes, and two from brain 
tumors. Etiology was undetermined 
for one patient. 


Methed. The Ammons Full-Range 
Picture Vocabulary Test, Form A (/), 
was administered in the standard man- 
ner. The word was spoken by the ex- 
aminer, and the subject was asked to 
point to one of four pictures to indi- 
cate which picture best illustrated the 
mearjing of the stimulus word. 

The frequency of 83 of the 85 test 
words. was plotted according to the 
General Count in the Thorndike-Lorge 
study (14, pp. 1-208). Two of the 
85 words, ebullience and dehydration, 
were not used because they were not 
listed in the General Count. The 83 
words were divided into four lists. 

List I: 23 words which occurred 50 
or more times per million words. The 


mean frequency of words on this list 
cannot be calculated from the Thorn- 
dike-Lorge list, since actual frequencies 
are not given but the best estimate is 
probably about 200 times per million 
(14, p. 249). 

List II: 22 words which occfirred 
from 49 to eight times per million 
words, with a mean frequency of 21.90. 

List III: 22 words which occurred 
from seven to two times per million 
words, with a mean frequency of 3.77. 

List IV: 16 words which occurred 
one or less than one time per million 
words, with a mean frequency of .81. 

The number of errors, before and 
after treatment, on these 83 words was 
tabulated. Subjects were ranked in 
order of number of errors made on the 
initial test and divided into quartiles 
with 12 subjects in each, as follows: 
Q,, 41 through 83 errors; Q,, 29 
through 38 errors; Q,, 14 through 25 
errors; and Q,, 4 to 12 errors. 


Results 


The mean number of errors per sub- 
ject was 29.58 on the initial test and 


Tasie 1. Mean errors per word, before and 
after treatment, of 48 aphasic subjects on four 
word lists (I, II, II, and IV; 23, 22, 22, and 
16 words, respectively) of decreasing fre- 
quency (occurrence per million: I, 50 or 
more; II, 49 to 8; III, 7 to 2; IV, one or less) 
from the Ammons Full-Range Picture Vocab- 
ulary Test; and results of t tests for evaluat- 
ing differences between initial and final tests. 











List Initial Final Difference t* 
Test Test 

I 7.43 2.65 4.78 9.19 

II 11.91 7.68 4.23 8.70 

Ill 24.58 20.36 4.22 5.74 

IV 27.88 23.06 4.82 6.95 








*All obtained ¢ ratios significant beyond the 
001 level. 
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Taste 2. Mean errors per word, before and 
after treatment, of 48 aphasic subjects on four 
word lists (I, II, III, and IV; 23, 22, 22, and 
16 words, respectively) of decreasing fre- 
quency (occurrence per million: I, 50 or 
more; II, 49 to 8; III, 7 to 2; IV, one or less) 
from the Ammons Full-Range Picture Vo- 
cabulary Test. Means are presented according 
to quartile distribution of scores on_ initial 
testing (Q:, 41 to 83 errors; Q2, 29 to 38 er- 
rors; Q;, 14 to 25 errors; Q,, 4 to 12 errors). 











Test Q List 
I Il Ill 1V 
Initial 1 5.26 7.41 10.36 10.06 
2 1.39 3.18 7.68 8.75 
3 61 1.14 4.45 6.13 
4 17 18 2.09 2.94 


Final 1.48 4.00 8.36 8.31 
87 2.73 6.95 8.19 
86 3.73 4.25 
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21.81 on retest. The difference be- 
tween the obtained means is significant 
beyond the .001 level (t = 4.47; 
df = 47). A positive change in scoring 
was made by 41 subjects, negative 
changes by five, and no change by two. 
The correlation between test and re- 
test scales was .80. 
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Ficure 1. Mean number of errors per word 
made by 48 aphasic subjects on four word 
lists of decreasing frequency, on initial and 
final testing. 
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Figure 2. Mean number of errors per word 
made by 12 aphasic subjects in fourth quartile 
of initial distribution, on four word lists of 
decreasing frequency, on initial and_ final 
testing. 
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Figure 3. Mean number of errors per word 
made by 12 aphasic subjects in third quartile 
of initial distribution, on four word lists of 
decreasing frequency, on initial and final 
testing. 
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Ficure 4. Mean number of errors per word 
made by 12 aphasic subjects in second quartile 
of initial distribution, on four word lists of 
decreasing frequency, on initial and final 
testing. 
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Ficure 5. Mean number of errors per word 
made by 12 aphasic subjects in first quartile of 
initial distribution, on four word lists of de- 
creasing frequency, on initial and final testing. 


The mean number of errors per 
word on each of the four word lists 
is given in Table 1 and _ illustrated 
graphically in Figure 1. 

Table 2 shows the mean errors per 
word for subjects in each quartile of 
the initial test distribution, for each 
of the four word lists on both test 
administrations. Figures 2, 3, 4, and 5 
show the status of subjects in each 
quartile on each word list for both test 
administrations. These data support the 
hypothesis that word frequency is an 
important factor in the ability of 
aphasic subjects to comprehend spoken 
words. As frequency decreased, dif- 
ficulties in comprehension increased. 
In other words, aphasic subjects had 
less difficulty comprehending words in 
common usage than words less com- 
monly used. This appears to confirm, 
for the aphasic population used in this 
study, what Kirkpatrick and Cureton 
(5) found in normals on standard writ- 
ten vocabulary tests, namely, that fre- 
quency is an important determinant 
of difficulty of items when vocabulary 
is measured on a _ wide-range basis 
rather than in terms of precise word 
meaning. Findings in the present study 
also indicate definite gains in ability of 
aphasic patients to comprehend single 
words as recovery occurs. 


Figures 2, 3, 4, and 5 show that 
regardless of severity of impairment of 
comprehension as measured by the 
Ammons test, low frequency words 
are the most difficult for all patients. 
Consideration of performance of sub- 
jects by quartiles showed that as total 
errors decreased, difficulty compre- 
hending high frequency words de- 
creased to approximately zero. As im- 
provement occurred, more low 
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frequency words were comprehended. 
As would be predicted, subjects in 
each quartile made different kinds of 
gains in terms of frequency. Subjects 
in Q,, who made the fewest errors on 


initial testing, made only negligible. 
errors on Lists I and II in the first place, ’ 


so that opportunity for gains on those 
lists was small, and most of the im- 
provement necessarily came on_ less 
frequently used words. Conversely, 
patients in Q,, who made the most 


errors on original testing, made the . 


greatest gains on the most common 
words, and negligible gains on low 
frequency words. Individual subjects, 
on retest, tended to pass all the words 
they had passed before and, in addi- 
tion, some words of adjacent lower 
frequency levels. 

Means for subjects in the four 
quartiles maintained the same rank 
order on the four word lists on retest, 
indicating that subjects tended to re- 
main in the same quartiles of the popu- 
lation after testing as before, although 
improvement was shown by most of 
them. The obtained 7 of .80 indicates 
that they also tended to maintain the 
same relative positions within quartiles. 


Discussion 


Word frequency appeared to be a 
significant factor in predicting word 
comprehension as measured by the 
Ammons test in aphasic subjects, in 
spite of conditions of the study which 
might be expected to obscure results. 
First, the Thorndike-Lorge General 
Count is based on frequency of written 
words, and the present study is based 
on comprehension of spoken words. 
Secondly, the Thorndike-Lorge Count 
was made almost 30 years ago; un- 


doubtedly there have been changes in 
the frequency of usage of many words 
in this time. Thirdly, word length was 
not controlled in this study. Howes (3) 
found that in normal subjects auditory 
discrimination was better for long than 
for short words controlled for fre- 
quency. Fourthly, some of the pictures 
on the Ammons cards are clearer and 
less ambiguous than others. 


Obtained errors were inconsistent 
with given frequencies for three words 
particularly. Firecracker, ranked ac- 
cording to Thorndike-Lorge fre- 
quency, was among the least frequently 
used words on List IV, yet only three 
subjects made errors on this word on the 
initial test, and none on the final ad- 
ministration. (It should be noted that 
Ammons classifies this word at grade 
level 2.7.) Anaesthesia (grade level 11.9, 
Ammons) was another word — with 
fewer obtained errors than would be 
predicted from the Thorndike-Lorge 
Count. On the other hand, more sub- 
jects missed numbers (grade level 3.4, 
Ammons) than would be predicted 
from the frequency count. On the test 
card the correct response was a clock 
with numbers on the dial, but many 
patients pointed to a circle, perhaps 
considering it a zero, which may be 
an error particularly characteristic of 
aphasic responses. 


J Finally, there was a marked dif- 
ference in the educational levels of 
patients within each quartile. Low edu- 
cational levels undoubtedly depressed 
gains for many patients, particularly 
for those who made few errors on high 
frequency words on initial testing and 
had probably never been familiar with 
most of the low frequency words on 
the test, 
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It may be questioned whether or not 
previous exposure to the test cards and 
test words produced spurious retest 
gains. This, however, seems highly 
improbable with an aphasic population, 
even if the task had been simpler and 
the intervals between test administra- 
tions shorter. 


The importance of the findings in 
relation to theory and treatment of 
aphasia would seem to be the following. 
First, there is a reduction of vocabu- 
lary, in comprehension as well as in 
speaking, of which the clinician should 
be aware. Secondly, this reduction is 
orderly; it is statistically closely related 
to the relative frequency of usage of 
words in the language, as is the per- 
formance of normal subjects on tests 
for. perception and recognition of 
words. Thirdly, comprehension of 
words tends to improve during the 
course of treatment, also in an orderly 
and predictable manner. Lastly, the 
Ammons test appears to be a reasonably 
effective and sensitive indicator of such 
impairment and of improvement when 
it occurs, in aphasic subjects, and the 
information it provides can be utilized 
in selecting clinical materials of ap- 
propriate levels of difficulty for indi- 
vidual subjects. 


Summary 


The Ammons Full-Range Picture Vo- 
cabulary Test, Form A, was adminis- 
tered to 48 aphasic patients before and 
after treatment in the Aphasia Section 
of the Neurology Service of the Min- 
neapolis Veterans Administration Hos- 
pital. Total errors on each of 83 words, 
and errors made by subjects on each 
quartile of the initial distribution, were 
analyzed for each test administration 


in relation to relative frequency of 
word usage shown by the Thorndike- 
Lorge General Count. Findings were 
as follows: 


a. A significant gain was made be- 
_tween initial and final testing. 


b. Subjects tended to maintain the 
same relative positions within quartiles. 
The correlation between initial and 

_ final tests was .80. 


c. Relative frequency of word usage 
was an important factor in the ability 
of aphasic subjects to comprehend 
spoken words. 


d. Gains made during recovery were 
related to both original performance 
level and word frequency. 
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Equipment for High Speed 
Cinefluorography 


b> Equipment for obtaining cinefluorographic 
pictures at camera speeds greater than the 
usual 24 frames per second has recently been 
obtained at the Caiversicy of Iowa. This ap- 
paratus makes it possible to take films at 
camera speeds of 24 to 72 frames per second 
and to obtain a synchronized sound track. 
The sound track cannot be intelligibly re- 
produced by projection; however, it is used 
for visual identification of speech sounds. 


The equipment consists of (a) a Pathé, 


variable-speed, 16 mm camera (type Webo. 


M), (b) a Magnasync, magnetic film recorder 
(model 602C2), and (c) a Magnasync thyra- 
tron inverter circuit. The output from the 
inverter can be varied from 40 to 120 cps and 
drives both the recorder and the camera 
motors. An Electro-Voice, Model 644, uni- 
directional microphone is used to reduce the 
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B RESEARCH NEWS NOTE 


interference of equipment noise on the re- 
cording. An f:1.0 lens of one-inch focal 
length is used on the camera. 


Before operation, synchronization marks are 
placed on the photographic film over the 
camera aperture and on the magnetic film 
over the record head. These marks are then 
used in transferring the magnetic recording 
to the photographic film by optical printing. 

An experimental check on the picture-sound 
synchronization was made utilizing clap-sticks 
with lead inserts on the striking edges. At all 
film speeds the picture and sound track were 
found to be within one frame of exact syn- 
chronization. This degree of accuracy is con- 
sidered to be more than adequate for research 


purposes. 


Kenneth L. Moll, Ph.D. 
Research Associate 
University of Iowa 
Iowa City, lowa 




















A Continuously Variable 360° Phase Shifter 


COURTNEY STROMSTA 


WILLIAM L. DAWSON 


Phase manipulation of audiosignal volt- 
ages, essential to the study of some 
problems which are the concern of the 
speech and hearing scientist, is general- 
ly in terms of phase shift so as to con- 
trol the phase angle between two or 
more sinusoidal signals. To this end a 
method is chosen in conjunction with 
purpose to obtain a phase shift that is 
either (a) fixed or adjustable over a 
limited range, or (b) continuously 
variable over 360°. Since most text- 
books devoted to electronics describe 
a number of circuits that may be 
adapted to obtain either a fixed or 
limited-range phase shift, the present 
discussion is limited to methods that 
permit a continuous shift of audiovolt- 
age phases over a range of 360°. 


A review of the literature disclosed 
three such methods. Everest (4) has 
described one method based on re- 
sistively mixing quadrature voltages. 
More specifically, the input signal is fed 
through two channels with one of the 
outputs being in phase to the input 
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and the other shifted in phase 90° 
relative to the input by a resistance- 
capacitance (RC) network. The output 
of each channel is fed to a potenti- 
ometer having a continuous resistive 
element tapped every 90° and a brush- 
arm rotatable through 360°. The two 
potentiometers are ganged so that the 
two brusharms remain perpendicular 
to each other. As the shaft of the 
ganged potentiometers is rotated, two 
quadrature voltages are resistively 
mixed to give an output voltage whieh 
is dependent in phase on the position 
of the shaft. The inherent frequency 
dependency of the RC network re- 
quires an application of automatic 
volume control to supply a constant 
input voltage to the potentiometer as- 
sociated with the network which in 
turn reduces amplitude fluctuations in 
the audiofrequency output. 


A second method depends on the 
generation of a rotating magnetic field 
by an inductance goniometer. Such a 
field is produced by a Helmholtz coil 
arrangement (J, 2) having a primary 
circuit composed of two vertical and 
two horizontal coils. One pair of coils 
is connected directly across the input 
whereas the remaining pair is con- 
nected across the input in series with 
an RC network chosen to assure that 
the current through the two pairs of 
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K X P 
Ficure 1. A, schematic diagram of one stage 
of the phase-shift circuit: P, plate; K, cathode; 
X, grid; Y, grid of following tube; C, capaci- 
tor; R, resistor. B, vector diagram of the 
phase-shift stage represented in A. 


coils is essentially 90° out of phase. A 
secondary coil is pivoted in the center 
of the space between the paired-verti- 
cal and paired-horizontal coils so that 
it may be adjusted to any desired posi- 
tion relative to the primary coil. The 
rotating magnetic field formed by the 
currents in the primary coils induces 
a voltage in the secondary coil, and the 
phase angle between the output and the 
input voltages is dependent upon the 
position of the secondary coil. With 
this method RC values must be chosen 
as a function of frequency to minimize 
amplitude fluctuations of the output 
voltage as phase is shifted through 360°. 


Mahren (5) has described a third 
method that introduces a phase shift 
in the fixed frequency of a beat-fre- 
quency oscillator by tuning an associ- 
ated circuit through resonance. The 
phase shift appears in the variable 
audiosignal output after heterodyning. 


As stated by the author, two advantages 
of the method are (a) the phase shift 
is independent of frequency, and (b) 
no amplitude fluctuations occur as 
phase is shifted through 360°. A modi- 
fication of the method has been de- 
scribed by Dolch (3) in which phase 
shift is accomplished by capacitive 
mixing of quadrature voltages. 

The purpose of the ensuing discus- 
sion is to describe an additional method 
of shifting audiovoltage phases con- 
tinuously through 360°. The unit in 
which the method is applied is both 
simple and economical to construct. 
It is thought that it circumvents in part 
the limitations or the expense involved 
in obtaining continuous phase shift by 
the three methods described above. 


Theory of the. Method 


The operation of one stage of the 
phase-shifting unit as to phase and 
amplitude of the signal is described 
with regard to Figure 1. Vectors PX 
and XK of Figure 1B represent the two 
equal potential differences from plate 
(P) to grid (X) and from grid (X) 
to cathode (K) of Figure 1A. In like 
manner, vectors PY and YK of Figure 
1B represent the potential differences 
from plate (P) to grid (Y) and from 
grid (Y) to cathode (K) of Figure 
1A. It is then evident that vector XY 
represents in magnitude and phase the 
potential on grid (Y). 

In Figure 1B the triangle PYK is 
a right triangle and X is the origin of 
a circle whose radius would intersect 
points P, Y, and K; therefore, vectors 
XY, PX, and XK are equal in magni- 
tude. The potential represented by 
vector XY changes in direction (phase) 
but not in magnitude (amplitude). 
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Ficure 2. Schematic diagram of the continu- 
ously-variable 360° phase shifter. Ri, 5.6K 
ohms; R:, 47K ohms; Rs, 100K ohms potenti- 
ometer (ganged); Ci, .05 uf; Cx, .03, .01, and 
.005 uf mounted on each section of a three- 
section, three-position rotary switch. 








Stated otherwise, in each of the 
three phase-shifting stages of the unit 
shown schematically in Figure 2, the 
combination or vector summation of 
resistance (R;) in which no phase 
shift occurs, capacitance (C,) in which 
a 90° phase shift occurs, and the 180° 


phase reversal between grid and plate 
allow a theoretical continuously-vari- 
able phase shift from 0° to 180°. As 
the resistance is made less than the 
capacitive reactance, the phase angle 
of each stage approaches 0° because 
the path of the signal favors the resistor 
through which no phase shift occurs. 
As the resistance is made to exceed the 
Capacitive reactance, the phase angle 
of each stage approaches 180° because 
the path of the signal favors the capaci- 
tor through which a phase shift occurs. 
Theoretically each stage should pro- 
vide a phase shift from 0° to 180° as 
the resistance (R,) is varied. By actual 
measurement each stage provides a 
shift of approximately 130°. For this 
reason three stages are necessary to 
provide a continuous 360° phase shift. 
The fourth stage is used as a buffer 
amplifier to prevent following circuitry 
from loading the phase-shifting circuit. 


Construction Details 


The unit can be constructed in ac- 
cordance with the schematic of Figure 
2. The value of the plate and cathode 
resistors (R,) is not critical yet they 
should be matched for each stage. The 
three phase-shift potentiometers (R,), 
ganged on a common shaft, are linear 
with a minimum power rating of two 
watts. Although a Heliopot potentiom- 
eter, Model 5703, is incorporated in 
the unit under discussion, any similar 
potentiometer will suffice. 


With regard to the value of C,, 
three capacitors (.03, .01, and .005 uf) 
are mounted on each section of a three- 
section three-position rotary switch. 
Each capacitive value allows continu- 
ous phase shift over a particular limited 
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Ficure 3. Family of curves showing degree of 
phase shift as a function of phase-shift potenti- 
ometer (R;) shaft rotation with the .01 uf 
capacitor in the circuit. Frequency is the 
parameter. Capacitive reactance (X-) equals 
resistance (R) at 400 cps. 


frequency range without excessive 
amplitude fluctuation. Alternate switch- 
ing of the three capacitive values into 
the circuit enables phase shift to be 
effected from 150 to 8000 cps. 


Circuit Characteristics 


At frequencies where capacitive re- 
actance is equal to resistance, amplitude 
variation is less than plus or minus 0.5 
db as phase is shifted through 360°; 
at frequencies one octave removed, the 
variation is essentially plus or minus 
1.5 db. Harmonic analysis disclosed 
that the second harmonic is more than 
30 db below the fundamental at all 
frequencies regardless of phase shift. 

Degree of phase shift as a function of 
phase-shift potentiometer shaft rotation 
is shown in Figure 3 with frequency 
as the parameter. The family of curves 
shows 360° phase shift from 300 to 


1000 cps with the .01 pf capacitor (C,) 
in the circuit. Curves with the .03 and 
.005 pf capacitors in the circuit dis- 
closed similar results for lower and 
higher frequency ranges, respectively. 
All phase values were recorded from a 
phase angle meter (Acton, Model 
350AB). 


Some workers may view as a major 
shortcoming the fact that as the phase- 
shift potentiometer shaft is rotated, 
phase shift is not linear through 360°. 
This would present a problem only for 
those who do not have phase-monitor- 
ing equipment at their disposal. 


Summary 


The purpose was to describe a meth- 
od of shifting audiovoltage phases con- 
tinuously through 360°. The unit in 
which the method is applied is both 
simple and economical to construct. 
Construction details and circuit charac- 
teristics are discussed. 
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Electrodermal Response Audiometry 
with Mentally Defective Children 


JAMES W. MOSS 
MARGARET MOSS 


JACK TIZARD 


The primary purpose of the present 
study was to evaluate the utility of elec- 
trodermal response (EDR) audiometry 
with mentally defective children. Be- 
cause conditioned audiometry utilizing 
EDR measures does not require the 
active participation of the subjects 
tested, it has been suggested (6) as 
a possible method of assessing the hear- 
ing of mentally deficient children. The 
experiences of the present authors sug- 
gest that the utility of such a technique 
with defectives may be open to ques- 
tion. 

Irwin, Hind, and Aronson (4) work- 
ing with 20 institutionalized mentally 
defective children (median IQ 50; age 
range 9 to 38 years), found that EDR 
audiometry was not as effective as 
standard audiometry. They evaluated 
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the hearing of their subjects using both 
EDR and standard methods and re- 
ported that in only half of their cases 
were EDR thresholds within 10 db of 
those established by standard methods. 
A quarter of their subjects were un- 
testable by EDR procedures because 
of inadequate conditioned responses or 
because of behavioral problems. Kod- 
man, Fein, and Mixson (5) reported 
that EDR audiometry gave ‘important 
information concerning auditory sen- 
sitivity’ in 28 out of 31 cases. Three 
of their subjects were rejected as un- 
manageable. The authors used a classi- 
cal conditioning procedure with an 
interval of .5 sec between the uncon- 
ditioned stimulus and the conditioned 
stimulus. In neither of the above studies 
is there any discussion of the selection 
of subjects except that they were de- 
scribed as mentally defective residents 
of state institutions. 

Difficulties in the use of conditioned 
EDR audiometry have been reported 
by some investigators working with 
nonretarded children. Goldstein (2), 
working with subjects suspected of 
having nonorganic hearing losses, found 
that about half of the group gave un- 
reliable EDR recordings. He concluded 
that the EDR method fails sufficiently 
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often that lack of response to tone 
could not be equated with loss of hear- 
ing. Goldstein, Polito-Castro, and 
Daniels (3) found that 14 out of 32 
normally-hearing children were diffi- 
cult to condition with EDR techniques. 


Studies dealing with EDR audi- 
ometry frequently emphasize the clini- 
cal utility of the method without re- 
gard to such factors as the percentage 
of reinforced trials or the existence 
of an unconditioned response to the 
tone. This may be justifiable in the 
clinical situation where the primary 
concern is the elicitation of a response 
to the tone. It is frequently possible, 
however, to elicit a response to a loud 
tone where no conditioning has taken 
place; but without conditioning a child 
who responds to a relatively loud tone 
may not give a response to a near- 
threshold tone, thereby creating the 
false impression of a hearing loss. As 
one of the interests of the present study 
was the conditioning process itself, an 
attempt was made to control for the. 
presence of an unconditioned response 
to tone by adaptation trials prior to 
the test series. 


Specifically, the present study had 
three aims. These were (a) to de- 
termine the extent to which mentally 
defective children could be conditioned 
with EDR methods, (b) to examine 
the reliability with which the records 
could be interpreted, and (c) to de- 
scribe the management problems as- 
sociated with testing. 


An attempt was made also to see 
whether a bright light could be as 
effective as a mild electric skin stimulus 
for the unconditioned stimulus. This 
was considered of value because some 
patients are unable to tolerate having 


electrodes placed on them, and an al- 
ternative unconditioned stimulus would 
be useful. 


Method 


Subjects. The design of this study 
originally called for a random selection 
of 24 institutionalized mentally defec- 
tive subjects who were ambulatory and 
between six and eight years in chrono- 
logical age. A random selection of 
patients was wanted so that generaliza- 
tions could be made concerning the 
utility of the EDR methods with institu- 
tional defectives in general rather than 
with a selected group of defectives. 
The relatively low age level was se- 
lected in order that information could 
be obtained on children who would 
be most likely to have difficulties with 
standard audiometric methods. 

A list of patients meeting these cri- 
teria was drawn from the hospital 
records. The first selections from this 
group, however, were found to be so 
severely unmanageable that their par- 
ticipation in the study was out of the 
question. It became evident that the 
majority of children selected in this 
random fashion could not be expected 
to cooperate even to the limited extent 
required for EDR conditioning. 

It was accordingly decided to select 
the children by asking the teachers in 
the school program for the names of 
their most cooperative children. Even 
with this selection system, 34 children 
had to be tested before 24 complete 


records were obtained. The final sample | 


upon which completed records were 


obtained consisted of 24 subjects equal- | 


ly divided as to sex. Of these, 13 were 
mongols. The chronological ages 
ranged from five years, four months, to 
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15 years, two months, with a mean 
of nine years, 10 months, and a stand- 
ard deviation of 28 months. There were 
no significant differences between the 
sexes in chronological age. The median 
IQ for the group was 37. The Stanford- 
Binet scale had been used with 18 of 
the children. The remaining scores 
were obtained by use of the Merrill- 
Palmer, the Vineland, or the Griffiths 
scales. All but two of the children had 
been tested within the two-year period 
immediately prior to the study. 


With the exception of the mongols, 
the group was heterogeneous as regards 
diagnosis and aetiology. One subject 
had cerebral palsy, two were postin- 
fectious cases, in two there was a 
history of a maternal toxemia, one had 
tuberous sclerosis, and the remainder 
were of unknown or undifferentiated 
aetiology. 

The 10 children of the 34 tested wha 
did not produce complete records were 
generally rejected for behavioral 
reasons such as negativism, hyper- 
activity, shyness, or withdrawal. One 
child had a severe cough which inter- 
fered with the record. Another was 
quite cooperative but her record, after 
a 45 minute run, never settled suf- 
ficiently to permit the conditioning 
trials to start. The mean CA of this 
rejected group was eight years, one 
month and the median IQ was 24. 

Apparatus. A two-channel AC EEG 
amplifier was used to measure skin 
potential which was recorded on an 
Ediswan pen-oscillograph. The paper 
speed was 1.5 cm per sec. A Peters 
audiometer was used to produce the 
conditioned stimulus. 

Two pickup electrodes were used, 
one on the inner surface of the left 


wrist, the other on the palmar surface 
of the proximal phalanx of the left 
middle finger. These electrodes were 
silver discs 8 mm in diameter, resin 
mounted in a rubber ring 15 mm in 
diameter allowing for a 1 mm space for 
electrode jelly. The ground electrode, 
placed on the inner surface of the left 
forearm, was a 19 mm silver rectangle 
with a raised plastic border again allow- 
ing space for jelly. The skin stimulus 
electrodes (17 mm x 20 mm, silver) 
were attached to the calf of the right 
leg. All electrodes were secured with 
adhesive tape. Cambridge electrode 
jelly was used to insure maximum 
conductibility. 


A 1000 cps, 65 db pure tone was 
produced by the audiometer and fed 
binaurally to the subjects through ear- 
phones. The skin stimulus was derived 
from 50 cps alternating current mains 
through an isolating transformer. In 
order to minimize mains pickup by 
the amplifiers, the source was balanced 
to a ground. The electrodes were each 
connected through a 4.7 meg re- 
sistor to a twin-gang potentiometer by 
which the experimenter could vary the 
voltage from 0 to 500 v. The maximum 
current that could be passed through 
the subject was limited to: just over 
0.5 ma. 


Three electric photoflood lamps 
(240/250 v, 275 w) served as the al- 
ternative unconditioned stimulus. These 
were placed approximately two feet in 
front of the subject at eye level in a 
row across his field of vision. Only one 
of the three lights was flashed at a 
time in a prearranged pattern. 


Procedure. The timing within each 
presentation was automatically con- 
trolled. The experimenter pressed a 
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key which started a tone of 1.6 sec 
duration. The unconditioned stimulus 
started 0.6 sec after the onset of tone 
and the two terminated simultaneously. 
All equipment was screened from the 
subject’s view. 

Each subject was individually tested 
on two occasions, once using the skin 
stimulus and once using light as the 
unconditioned stimulus. Half of the 
group received the skin stimulus first; 
the remainder received the light condi- 
tion first. 


The subject was seated before a table 
on which were placed the three lamps 
and a number of magazines and pic- 
tures. He was made as comfortable as 
possible with the leads and headphones 
in place. With some subjects it was 
necessary to restrain the left arm and 
hand to prevent gross movement. 


The testing consisted of five parts. 


a. The 1000 cps tone of 65 db was 
presented at approximately 20 sec inter- 


vals until any unconditioned response ° 


to the tone was extinguished or adapted. 
Three consecutive tone presentations 
without response were accepted as 
the criterion that the tone was not still 
serving as an unconditioned stimulus. 
A 65 db tone level was used through- 
out to insure that the child could hear 
the tone and to maximize the chances 
of obtaining clear-cut results. 


b. The unconditioned stimulus (light 
or skin stimulus) was presented. Three 
trials were given with the lights. Suf- 
ficient trials were given with the skin 
stimulus to determine the starting 
stimulus magnitude. The level of stimu- 
lation was considered adequate if an 
EDR was elicited on three successive 
trials. 


c. The tone was again presented 
alone for three or more trials as a final 
check to be sure that it was not serving 
as an unconditioned stimulus. Where 
a response occurred to the tone, suf- 
ficient trials were given for adaptation 
to a criterion of three consecutive 
presentations without a response. 


d. The tone was presented for 48 
trials at approximately 20 sec intervals. 
For 30 of these trials the unconditioned 
stimulus was paired with the tone. For 
the remaining 18 trials, which were 
randomly interspersed among 30 con- 
ditioning trials, the tone alone was pre- 
sented. These served as test trials of 
whether conditioning had in fact taken 
place. The order of presentation of 
conditioning and of test trials was the 
same for each subject. When a subject 
failed to give an EDR to a skin stimulus 
trial the intensity of the stimulus was 
increased. 


e. Additional tone-alone trials were 
presented in order to obtain a measure 
of extinction. These trials were con- 
tinued until no responses were recorded 
for three consecutive trials. 


Results 


Complete records were obtained 
from 24 subjects under both the light 
and skin stimulus conditions. Each 
complete record was classified as good, 
fair, or poor by two raters, the terms 
being defined as follows: 

Good, record stable with a minimum of 


spontaneous fluctuations, responses gen- 
erally scorable with confidence, 


Fair, labile record with spontaneous fluc- 
tuations but responses still generally 
scorable; 


Poor, many spontaneous fluctuations, or 
inadequate unconditioned responses, 
scoring difficult or impossible. 
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Only 13 of the 48 records could be 
rated as good or fair by the two raters, 
four of the 13 being obtained with the 
lights and nine with the skin stimulus. 
The remaining 35 records were difficult 
to score with confidence and, in some 
cases, were completely unscorable. 

Individual responses were next rated 
according to the ease of scoring and 
the degree of confidence which the 
judges placed in their scoring. For the 
13 fair and good records, 77% of the 
responses on the reinforced trials were 
considered as well defined, clear-cut, 
positive responses which could be easily 
scored. Rater agreement was 87%. At- 
tempts were made to score the re- 
sponses on records rated as poor, but 
the reliability of the ratings was low. 
Only 32% of the responses to the 
reinforced trials were considered as 
clearly positive by both raters. The 
rest were either impossible to score 
with confidence or there was no re- 
sponse at all. The agreement between 
raters for this group was 65%. 

When only conditioned responses 
were considered, the percentage of 
scorable, positive responses dropped to 
32% for the fair and good records and 
to 11% for the rest. 

It was found that 95% of the sub- 
jects gave unconditioned responses to 
the tone alone during the pretrials. 
The number of responses during the 
pretrials was correlated (r—=0.42) with 
the number of conditioned responses 
during the actual conditioning trials 
(p<0.05). Because of the difficulties 
in the scoring and the unreliability in- 
herent in the records this finding must 
be considered as only suggestive. 

No attempt was made to test the 
hearing of the 24 subjects with standard 





Moss, Moss, Tizard: EDR Audiometry in Mental Cases 45 


methods, so it is not known to what 
extent this was possible. It was later 
found, however, that two of the chil- 
dren had been tested by standard 
audiometric techniques. The audi- 
ometrist reported that in both cases 
hearing was normal and the tests had 
been carried out without difficulty. 
Many of the children were difficult 
to control during testing and they be- 
came progressively more so towards 
the end of the test. One child, for 
example, became highly excited when 
the light flashed. He would strike out 
at the lamp and bang the table. On the 
nonreinforced trials, he would strike 
at the lamp which lit the preceding 
time. Other children simply became 
more and more restless and active. 


A few of the children, however, 
were quite passive and lethargic. One 
actually went to sleep during the trials. 
Her record smoothed out and showed 
good conditioned responses during the 
time that she was asleep, though when 
she was awake her record was difficult 
to interpret. Others simply sat in their 
place without moving for the entire 
period. 

Because of the poor quality of most 
of the records, it was decided to check 
the stability of the equipment by test- 
ing three normal children. The records 
of the normal children were easily 
scored with high agreement between 
the judges, suggesting that the equip- 
ment was in good working order. 


Discussion 


Both the evaluation of conditioning 
in severely defective children, and the 
study of bright lights as an alternative 
unconditioned stimulus, had to be 
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abandoned because of the unreliability 
of the records. Inasmuch as the records 
of the three normal children were es- 
sentially normal and could be reliably 
scored, it was concluded that the un- 
reliability of the defectives’ records was 
a function of their deficiency and not 
an artifact of the method or equipment. 


The data from the present study 
suggest that only a small percentage 
of children with severe mental defects 
yield reliable and useful EDR records 
under hearing-test conditions. Not 
only were all of the first subjects 
selected on a random basis found to 
be untestable, but even with a group 
of the more carefully selected subjects, 
10 out of 34 failed to produce com- 
plete records. Furthermore, only 13 of 
the 48 records finally obtained allowed 
interpretation with any degree of ac- 
curacy and reliability. 


These findings raise a question con- 
cerning the utility of the EDR method 
for testing the hearing of young chil- 
dren with severe mental defects. The 
reports from other investigators do 
not indicate how their subjects were 
selected, but one wonders if their 
subjects were representative of insti- 
tutionalized children with severe men- 
tal defects as a whole, or if only the 
most cooperative children were tested. 
Kodman, Fein, and Mixson (5) dis- 
cussed the need to work with children 
who could not be tested by standard 
methods but they do not indicate 


whether their subjects had, in fact, 


failed to cooperate in such procedures. 
In the study reported by Irwin, Hind, 
and Aronson (4), it is known that most 
of the subjects were capable of being 
tested by standard audiometric pro- 


cedures, only three out of 20 subjects 
having failed to cooperate sufficiently 
for standard methods to be used while 
five of the 20 could not be tested by 
EDR methods. 


The implications of the above dis- 
cussion are consistent with the con- 
clusions drawn by Irwin, Hind, and 
Aronson, that is, that there is some 
doubt as to whether the unpleasantness 
and complications of EDR testing can 
be justified with subjects who can be 
tested in other ways. The present ex- 
perimenters go one step further, how- 
ever, and suggest that where a mentally 
defective subject is unable to partic- 
ipate in normal audiometric operations, 
he is probably unable also to participate 
successfully in EDR audiometry. 


The finding that most of the chil- 
dren in this study gave an uncondi- 
tioned response to the tone alone and 
that the number of such responses was 
correlated with the number of con- 
ditioned responses given during the 


“test series suggests that some of the 


children may not have been conditioned 
at all, but rather, that they were 
simply responding to the tone as well 
as to the skin stimulus or light. Gen- 
erally speaking, the responses to the 
tone, after adaptation during the first 
pretrial, appeared again for the second 
pretrial. There is reason to believe 
that these unconditioned responses 
elicited during the pretrial series 
appeared again during the test series 
as ‘unconditioned’ responses. This find- 
ing points out the need for careful 
attention to the conditioning pro- 
cedures in EDR audiometry. The 
underlying assumption in EDR audiom- 
etry is that the subject will associate 
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the tone with the shock and that, be- 
cause of this association, he will give 
a physiological response on hearing 
the tone. Where the response appears 
for any reason other than the associa- 
tion established between the tone and 
the shock the clinician is not in a 
position to interpret the record. If a 
loud tone can serve as an unconditioned 
stimulus, and if EDR is related to the 
magnitude of the unconditioned stim- 
ulus as Aronson, Hind, and Irwin (1) 
suggest, then one would expect smaller 
and fewer responses at a near-threshold 
level than at a loud level. The clinician 
who assumes that any EDR deflection 
following tone is adequate for the 
testing of hearing may find himself 
diagnosing hearing losses where none 
exist. 


Summary 


The purpose of this study was to 
examine conditioned electrodermal re- 
sponse (EDR) techniques of audi- 
ometry with mentally deficient children 
and to evaluate conditioning under two 
stimulus situations. The 24  sub- 
jects were tested once with a mild 
electric skin stimulus and once with a 
bright light as the unconditioned stim- 
ulus. 

The EDR records as a whole were 
rated as good, fair, or poor by two 
judges. Individual responses were rated 
according to the ease of scoring and 
the degree of confidence which the 
judges placed in their ratings. Only 
13 of a total of 48 records were rated 
as good or fair. 

It is concluded that EDR audiometry 
with mentally defective children is 
of limited utility. It seems likely that 


most mentally defective children who 
cannot be tested by standard pure-tone 
methods probably cannot be tested by 
EDR methods. 
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An Articulation Test for Assessing 
Competency of Velopharyngeal Closure 


HUGHLETT L. MORRIS 


D. C. SPRIESTERSBACH 


FREDERIC L. DARLEY 


It has been established that the compe- 
tency of velopharyngeal closure is di- 
rectly related to the speech problems 
of individuals with cleft palates. Two 
techniques are commonly used for in- 
ferring the competency of closure dur- 
ing speech: (a) Lateral head x rays 
may be taken during a speech produc- 
tion which can be sustained and which 
is assumed to require maximum vol- 
untary closure; the films are inspected 
to determine whether the soft palate 
approximates the posterior pharyngeal 
wall or adenoidal tissue (3, 9, 11, 16). 
(b) Oral pressure ratios may be ob- 
tained through the use of any technique 
which enables one to measure the 
magnitude of the pressure in the oral 
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cavity with the nostrils open and oc- 
cluded (4, 9). 

It is the thesis of this paper that re- 
sults of articulation testing may be 
used as another index of the adequacy 
of velopharyngeal closure. Spriesters- 
bach, Darley, and Rouse (8), Counihan 
(3), Starr (10), Bzoch (2), Subtelny 
and Subtelny (12), and McWilliams 
(6) have reported that cleft palate 
speakers typically have most difficulty 
with plosive and fricative sounds. This 
finding indicates that performance on 
articulation test items which include 
sounds requiring intraoral pressure 
may reflect adequacy of velopharyn- 
geal closure for purposes of speech 
production. Although the investigators 
above do not report specific infor- 
mation regarding the adequacy of velo- 
pharyngeal closure of the subjects 
studied, it may be inferred from their 
descriptions that the majority of sub- 
jects did not have competent closure. 

The purpose of the present research 
was to construct an articulation test 
(hereinafter referred to as the Iowa 
Pressure Articulation Test) for assess- 
ing the adequacy of oral pressure for 
speech sound production and thus, in- 
ferentially, the adequacy of velo- 
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TaBLe 1. Descriptive data concerning subjects comprising the good and poor closure groups 
(N=25 in each group). Items are age in years and months; sex; cleft type, (a) lip and palate 
and (b) palate only; full-scale IQ; socioeconomic status, upper, middle, lower; wet 
spirometer ratios; x-ray readings, (a) /u/ closure.complete and (b) /s/ closure complete. 











Item Statistic Good Closure Poor Closure 
Group Group 
Range 5:3-15:3 5:1-15:5 
Age Mean 10:3 10:5 
SD 3:2 3:5 
Male N 18 18 
Female N 7 7 
Lip and Palate N 22 22 
Palate Only N 3 3 
Range 75-128 62-125 
1Q - Mean 97.72 96.12 
SD 13.35 15.25 
Upper N 0 1 
Middle N 14 15 
Lower N 11 
Range .94-1.0 .11-.83 
Ratio Mean 99 47 
SD .03 Pe) 
/u/ Closure N 14 0 
/s/ Closure N 22 1 








pharyngeal closure: Specifically, an 
answer to the following question was 
sought. Which articulation test items 
discriminate best between two groups 
of speakers with cleft palates, one 
group with adequate and one with in- 
adequate velopharyngeal closure? 


Procedure 


Subjects. Two groups of 25 subjects 
each were selected. All subjects were 
Caucasian singletons (not twins) with 
medical diagnoses of cleft lip and 
palate or cleft palate only; no subjects 
with cleft lip only were included. All 
cleft palates had been closed surgically; 


there were no unmanaged or prosthet- 
ically managed cleft palates. The 25 
subjects in the good closure group had 
complete closure on x-ray films while 
sustaining either the /s/ or./u/ sound 
and a wet spirometer ratio* of .90 or 
higher. The 25 subjects in the poor 
closure group could not meet the 
criteria for inclusion in the good clo- 
sure group and were selected to match 
those in the good closure group for sex, 
age, intelligence, and socioeconomic 
status. 


*The wet spirometer ratio is obtained by 
dividing the reading obtained with nostrils 
open by the reading obtained with nostrils 
occluded. 
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TaBLe 2. The 74 test items on which there was a significant between-group difference in 
number of errors. Items are rank-ordered according to magnitude of these differences. 





Group Difference Single Items 


Two-element Items 


Three-element Items 





17 /-s\/ 
16 /s-/ /sk-/ 
15 /-k-, z-/ /Sr-, -lz, sm-, -sm, sn-/ /-sta, -ska, -3St, spr-, 
str-, -nt0/ 
14 /-t-, -2, J-/ /-ka, st-, -st, sw-/ /-skw/ 
13 /-S-, -f-/ /kr-, -10, sl-, -zm, -d3d, -kt/ /-\f0, spl-, skr-, -kst/ 
12 /-a-, -S/ /tr-, gr-, -ga, -ak, -sk, -pt, /-ykl, -mps/ 
-ag, kl-, gl-, -gl, -Ik, sp-, -sp/ 
11 /k-, 9-5 /-fa,-ad3, bl-, -ks/ 
-9, ~J, d3-, -d3/ 
10 /-k/ /br-, dr-, tw-/ /ngl/ 
9 /t-, -f-, -f/ /-p, pl-, -If/ 





Table 1 indicates that, in general, the 
two groups were similar in age, sex, 
Full-Scale IQ score,’ and family socio- 
economic status, as estimated through 
use of the Index of Status Charac- 
teristics (15). Group differences in 
mean wet spirometer ratios and in velo- 
pharyngeal closure as indicated by 
x-ray films were felt to be of sufficient 
magnitude for the purposes of this 
study. 

The oral mechanisms of the subjects 
were judged with regard to the follow- 
ing characteristics selected for their 
importance in speech production: (a) 
continuity of cutting edge of anterior 
teeth, (b) palatal contour, and (c) an- 
teroposterior relationship of upper and 
lower incisors. The ratings were not 
made, however, with reference to the 
effect of these rated variables on 
speech, nor with reference to the nor- 
malcy of either the structures or of the 
structural relationships of the parts of 


*The Wechsler Intelligence Scale for Chil- 
dren was administered to all subjects. 


the oral mechanism. The task was 
simply one of description. Dental mod- 
els for the 50 subjects were presented 
in random order to three trained 
judges, who rated them by mutual 
agreement. No measurements were 
made; spatial relationships and dimen- 
Sions were judged. No important differ- 
ence between the two groups was 
obtained for any of the judgments of 
the three selected characteristics. 

In addition, measurements of general 
facial morphology were obtained from 
lateral head x-ray films taken with the 
teeth in occlusion. Measurements were 
made of angulation of cranial base, pro- 
trusion or retrusion of maxillary in- 


‘cisors in relationship to the facial 


plane, and the anteroposterior relation- 
ship of the maxilla and mandible. No 
important group differences were 
found regarding these measurements. 
Since the two groups of subjects 
were matched with respect to factors 
considered important in the develop- 
ment of articulation skills for normal 
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children (age, sex, intelligence, and 


socioeconomic status) and since no 
differences wete found with regard to 
general physical traits which may be 
important in speech production (type 
of cleft, type of management, descrip- 
tion of oral mechanism, and general 
facial morphology ), it was assumed that 
any variation in articulatory profi- 
ciency that existed could best be ac- 
counted for by differences in ability to 
impound air in the oral cavity and 
thus ability to achieve closure. 


Testing Procedure. The 176-item 
Templin-Darley Diagnostic Test of 
Articulation (14), using pictorial pre- 


sentation to elicit spontaneous single- 
word responses, was administered to 
all subjects. The test was scored for 
the number of items produced cor- 
rectly. 


Results 


General Results. The total number 
of errors per closure group was ob- 
tained for each item on the 176-item 
test. The items were then rank-ordered 
according to the magnitude of the dif- 
ferences between the number of errors 
made by the two groups. Group differ- 
ences in number of errors were very 
small for vowel and diphthong items, 


Taste 3. Single-consonant items on which there were significant differences between the 
number of errors made by the two closure groups classified according to manner of articu- 
lation. Items are rank-ordered according to magnitude of intergroup differences. 








Group Difference Single-Consonant Items 
Fricatives Plosives Affricates Nasals Glides 
16 (/s-/ 
15 [2-/ /-k-/ 
14 /-2-, -2, f-/ 
13 /-s-,-§-/ 
12 /-s/ /-9-/ 
Il /-§/ /k-,9-1-9/ — /d3-,-d3/ 
10 /-3-/ /-k/ /-43-/ 
9 /f-, -f, -f-/ [t-/ 
8 /-8/ /-t/ /-tf-/ 
7 /V-,-V, ~5, -3/ /-p-, d-/ /-t{/ 
6 /-v-,0,-8-,5-/ /-p/ [tf-/ /-y/ 
5 /-t-, -d-, -d/ /t-/ 
4 /p-/ /-t-,1-/ 
3 /-8/ /b-, -b/ /-n-/ /-1-,-m-, 
m-, j-, -j-/ 
2 /b-/ /n-, “0, --/ 
/-l, h-, -h-/ 
0 /m-,-m-,-m/ = /w-, -w-/ 
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ranging from eight errors for /3-/ to no 
difference for /a/, /a/, /2/ and /o1/. 
The distributions of the group differ- 
ences for singles and for two-element 
items have wide ranges, 17 and 19 
points, respectively. The distribution of 
the group differences for the three- 
element items has a range of 16 points. 
The latter distribution is extremely 
skewed, however; 13 of the 16 three- 
element items are distributed over a 
four-point range. 


Differences between the number of 
errors made by the two groups were 
evaluated by the chi square test of 
independence. For 74 of the test items 
(Table 2) these differences were sig- 
nificant (x?.91 = 6.6, df = 1). These 
74 items included one of the 18 vowels, 
19 of the 68 consonant singles, 40 of 
the 74 two-element items, and 14 of the 
16 three-element items. The single 
vowel was /2a:/. 


The greatest between-group error 
differences on the consonant singles 
of the articulation test were in the 


Taste 4. Items selected for study of perform- 
ance by cleft palate subjects on articulation 
test items containing different numbers of 
sound elements. 











Single Two-element Three-element 
Consonants Blends Blends 
/s-/ /sp-/ /spr-/ 
/-s/ /-st/ /-sta-/ 
/k-/ /sk-/ /skw-/ 
/-k/ /-sk/ /-ska/ 
/-9/ /-9\/ /-y91/ 
/t-/ /st-/ /str-/ 
/-t/ /-kt/ /-kst/ 
/p-/ /pl-/ /spl-/ 
/-p/ /-pt/ /-mpt/ 
/-b/ /-ba/ /-mba/ 
/-£/ /-lf/ /-\f6/ 





fricatives and plosives (Table 3); next 
greatest were in the affricates, then 
the nasals and glides. Error totals on 
consonant blends were similar for the 
two groups. 


Position of the sound elements in the 
test words appears to have no differ- 
ential discriminatory power between 
good and poor closure; sound elements 
in the initial position of the test words 


are distributed in discriminating power _ 


in essentially the same manner as are 
elements in the medial or final posi- 
tion. In addition, for two- and three- 
element items there is no essential dif- 
ference in discriminatory power for 
syllabic position in the test word. 


Differences According to Number of 
Elements. Spriestersbach, Darley, and 
Rouse (8) have reported that cleft 
palate speakers have more difficulty 
with consonant blends than with con- 
sonant singles. In their study, subjects, 
regardless of efficiency of velopharyn- 
geal closure, were tested on 69 singles, 
‘74 two-element items, and 16 three- 
element items. However gross they 
may be, the results suggest that there 
is a differential response according to 
the number of elements in the test 
item. 

In the present study 33 items were 
chosen (Table 4) so that the foregoing 
finding could be examined. Each of 11 
consonants occurred in three types of 
test item: as a single, in a blend with 
one other element, and in a blend with 
two other elements. In the scoring of 
the blend items, the production of only 
the specified consonant was considered. 
For example, in the case of /-s/, the 
correctness of the production of only 
/s/ was considered in the /-st/ and 
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Taste 5. Summary table for comparison of performance by good (G) and poor (P) 
closure groups on articulation test items containing increasing numbers of sound elements. 











Nain 


Statistic Single Items Double Items Triple Items 

G r G P G P 

Total Number Correct 242 149 230 135 225 97 
Mean Score 9.68 5.96 9.2 5.4 9.0 3.88 
Variance 1.06 1.68 50 a 1.02 1.36 
SD 1.03 1.29 Pr) | 98 1.01 1.17 
Median Score 10.5 6.5 11.0 6.5 11.0 3.0 
Range of Scores 6-11 0-9 4-11 0-11 2-11 0-9 








/-sta:/ items, the correctness of pro- 
duction of the /t/ and /ta/ was not 
scored. The number of correct produc- 
tions of the specified consonant for 
each of the three types of item by each 
closure group is presented in Table 5. 


Within-Group Differences. The per- 
formances of the subjects with ade- 
quate closure were similar on all three 
types of item. The largest differences 
appear between the variances. The sub- 
jects with inadequate closure, on the 
other hand, performed differently on 
the three types of item. The number 
of items produced correctly decreases 
as the number of consonants in the 
items increases. Group differences in 
mean and median scores are greatest 
for three-element items. The variances 
differ for the three types of item. The 
usual analysis of variance technique is 
thus inadvisable for testing the sig- 
nificance of the differences both be- 
cause the variances differ greatly and 
because the distributions of scores are 
skewed, especially for the poor closure 
group. A nonparametric technique, 
the Friedman two-way analysis of vari- 
ance by ranks procedure (7, pp. 166- 
172), was employed to test the sig- 


nificance of within-group differences 
for each item type. The differences be- 
tween the performances on the three 
types of test item were not significant 
for the good closure group (x27 = 
1.50, df = 2) but were significant at the 
5% level for the poor closure group 
(44 == 15:03, oF = 2}. 
Between-Group Differences. The 
performances by the two groups differ 
greatly for each type of test item 
(Table 5). Not only are the mean and 
median scores different in size, but the 
poor closure group is more variable 
in performance than the good closure 
group for all three types of item. There 
were increasingly greater between- 
group differences as the number of 
elements in the test items increased. 


Construction of the Test 


The Iowa Pressure Articulation Test 
was constructed on the basis of the 
above findings and, beyond this, used 
only such items as normal young chil- 
dren typically can produce without 
difficulty. Templin (13) reports earliest 
ages at which 75% of her subjects 
(who ranged in age from three to 
eight years ) produced the articulation 
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Taste 6. Items (selected from the 74-item list) which are reported by Templin to be 
articulated correctly by 75% of children five years of age. These 43 items constitute the lowa 


Pressure Articulation Test. 








Group Differences Single Two-element Three-element 

Items Items Items 

16 /s-/ /sk-/ 

15 /-k-/ /sm-, -sm, sn-/ /str-/ 

14 /§-,-2-/ /-ka, st-/ 

13 /-S-, -S-/ /kr-/ 

12 /-9-, -S/ /Sp-, tr-, gt-, -g2, /-mps/ 

-ak, -pt, kl-, gl-/ 
11 /k-, 9-,-95 J, 43-/ /-fe, bl-, -ks/ 
10 /-k/ /br-, dr-, tw-/ 
9 /t-, -f-, -f/ /-p2, pl, -lf/ 





test items correctly. Presented in Table 
6 are the 43 items, out of the present 
study’s total of 74 items that yielded 
significant between-group differences, 
that are reported by Templin (13) to 
be correctly produced by 75% of chil- 
dren five years of age. Of these, 17 are 
single consonant items, 24 are two-ele- 
ment items, and two are three-element 
items. These 43 items constitute the 
final selection of items for the Iowa 
Pressure Articulation Test, designed to 
assess the adequacy of velopharyngeal 
closure of cleft palate speakers. 


Discussion 


The results of this study are gen- 
erally consistent with other research 
findings. Fricatives, plosives, and af- 
fricates prove to be the best discrimi- 
nators between speakers with adequate 
and speakers with inadequate velo- 
pharyngeal closure. Hudgins and Stet- 
son (5) and Black (1) have shown that 
oral breath pressure during the produc- 
tion of these phoneme types is greater 
than during the production of any 


other types. One would expect perfor- 
mances on these items to reflect dif- 
ferences in ability to impound such 
pressure and, ‘inferentially, ability to 
achieve velopharyngeal closure. 
Fricatives show the greatest between- 
group differences. Subtelny and Sub- 
telny (12) report that fricatives are 


- the most sensitive to inadequate velo- 


pharyngeal closure while plosives may 
be correctly produced with small velo- 
pharyngeal openings, as shown by meas- 
urements on x-ray film. The x-ray 
film criterion used for the selection of 
subjects in this study considered only 
whether closure was complete or in- 
complete. The possibility exists that 
there was a variation in the degree of 
closure within the poor closure group. 
This possibility is supported by the 
range of the obtained wet spirometer 
ratios for the poor closure group (.11 
to .83). To the degree that variation in 
wet spirometer ratios reflects vari- 
ation in the size of the velopharyngeal 
opening, one might expect a variety of 
differences among individuals to be 





at 
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obtained for the plosive items, which 
differences would generally be smaller 
than those obtained for the fricative 
items. 


Summary 


The 176-item Templin-Darley Diag- 
nostic Test of Articulation was ad- 
ministered to 50 children with cleft 
palates, one group of 25 with adequate 
and one group of 25 with inadequate 
velopharyngeal closure. On the basis 
of obtained group differences the 43- 
item Iowa Pressure Articulation Test 
was constructed for assessing adequacy 
of velopharyngeal closure in cleft 
palate speakers. 

The following conclusions seem war- 
ranted: (a) Articulation test items 
containing fricatives, plosives, and af- 
fricates are the best discriminators 
between speakers with adequate and in- 
adequate velopharyngeal closure. (b) 
Position of sound element in the test 
word apparently has no differential 
discriminatory effect on the articula- 
tion performances of individuals with 
adequate and inadequate closure. (c) 
Cleft palate speakers with adequate 
velopharyngeal closure give essentially 
similar performances on consonant 
singles, two-element items, and three- 
element items, while cleft palate speak- 
ers with inadequate velopharyngeal 
closure have increasingly greater dif- 
ficulty as the number of elements in 
the test items is increased. 
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Pitch Discrimination and Articulation 


RONALD K. SOMMERS 


WILLIAM J. MEYER 


ANN K. FENTON 


Auditory perceptual behavior and hear- 
ing acuity have been causally linked 
by various investigators (2, 11, 18) to 
voice and articulation problems of chil- 
dren. Some researchers have found a 
significant relationship between audi- 
tory discrimination skills and defective 
articulation. Although normative data 
have been gathered by Templin (15) 
for auditory discrimination ability of 
children of young ages, the factors 
that comprise auditory discrimination 
have been largely unstudied. 


In efforts to discover important vari- 


ables in auditory perceptual behavior * 


which are related to speech disorders, 
a number of investigators have applied 
measures of musical talent to indi- 
viduals with speech problems. In an 
early study Travis and Davis (17) 
applied the Seashore test of pitch and 
tonal memory to a large sample of 
college students and found that speak- 
ers with misarticulations on the average 
have significantly poorer pitch dis- 
crimination than do normal speakers. 
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Gilkinson (7), using the Seashore tests 
to study the relationship between 
judges’ ratings of variables in the speak- 
ers’ voices and measures of musical 
talent, found that there was little re- 
lationship between speech skill and 
Seashore scores when general criteria 
of speech were used. In a similarly 
designed study, Horowitz’ found a 
slight relationship between speech 
skills of normal speakers and the scores 
of rhythm and pitch discrimination on 
the Seashore test. In other studies using 
the Seashore tests, Eisenson, Kastein, 
and Schneiderman (4) found that sub- 
jects with voice problems had signifi- 
cantly poorer pitch discrimination than 
matched normals. Mange (12), using 
35 pairs of elementary school age chil- 
dren matched in terms of age, sex, IQ, 
and classroom placement, reported that 
those who misarticulated the [r] sound 
performed less well than normal chil- 
dren on the pitch discrimination sub- 
test. 


Bradley (1) explored the relation- 
ship between pitch discrimination and 
speech development among three dif- 
ferent groups of subjects between the 


'L. S. Horowitz, Ability of pitch, intensity, 
and rhythm discrimination as applied to 
speech (unpublished study). 
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ages of nine and 14, all of whom were 
within the normal range of intelligence. 
One group consisted of 11 subjects 
found to be normal in articulation and 
hearing. A second group of 11 sub- 
jects was normal in hearing but had 
enough problems in articulation to 
require speech therapy. The third 
group of 11 subjects had problems in 
both articulation and hearing. Bradley 
determined the pitch discrimination 
abilities of all subjects at the frequen- 
cies of 500, 1000, and 2000 cps using 
a ‘just noticeable difference’ technique. 
Both ascending and descending meas- 
urements were made at 50 db for each 
ear. The results of this study indicated 
that subjects who had normal hearing 
but problems in articulation were sig- 
nificantly poorer in pitch discrimina- 
tion than were normal subjects. This 
investigator concluded that poor pitch 
discrimination may be a contributing 
factor in the etiology of functional 
articulation problems since cues re- 
quiring precise discrimination for pho- 
netic analysis may be deficient in chil- 
dren who have these problems. 


The present study investigated the 
possibility that the findings of Mange 
and of Bradley may be generally appli- 
cable to children in grades three 
through 12 who have articulation prob- 
lems. Furthermore, the attempt was 
made to determine whether or not 
significant differences in pitch dis- 
crimination exist between groups of 
school children having articulation 
errors on [r] and [s], two sounds 
commonly misarticulated. This seemed 
important since Mange’s findings were 
based on misarticulation of [r] only, 
and Bradley did not indicate the types 
of articulation errors of his 11 normal 


hearing subjects who had speech prob- 
lems. 


Procedure 


The experimental group consisted of 
65 school children with speech prob- 
lems, drawn from the therapy rolls 
of Armstrong County, Pennsylvania, 
schools, to meet these two criteria: (a) 
enrollment in the third grade or above, 
and (b) demonstration of only one de- 
fective phoneme, either [r] or [s]. A 
control group of 65 subjects was drawn 
from the attendance rolls within the 
same schools and matched with the ex- 
perimental subjects on IQ (using the 
Otis Intelligence test, form B), grade, 
and sex. In addition, attempts were 
made to see that each control subject 
was enrolled in the same classroom or 
school as was the matching experimen- 
tal subject. Matching of subjects on IQ 
was achieved within a plus or minus 
five IQ point limitation. There were 26 
girls and 39 boys in each group. 

All subjects were screened for hear- 
ing acuity using a Beltone, 10A audi- 
ometer. Any subject with a 20 db 
hearing loss in either ear in the fre- 
quency range 250 to 4000 cps was ex~- 
cluded from the study. The articulation 
of each subject was tested by two of 
the authors using the Wernock-Med- 
line Picture Articulation Test. The re- 
liability of this articulation testing was 
determined by having the testers and 
six other experienced speech therapists 
test a group of five children with 
articulation errors. When the articu- 
lation scores for each subject were 
compared for the two experimenters 
and when these scores were compared 
for each of the two experimenters and 
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each speech therapist, the resultant re- 
liability coefficients were above the 
reported limits (3, 4, 10) for accepta- 
bility when correct or incorrect judg- 
ments are made. 


Using standard procedures, each sub- 
ject was administered the pitch subtest 
from the Tilson-Gretsch Musical Apti- 
tude Test (1/6). In each case two 
sample trials were presented so that 
the subjects understood the task and 
recorded the appropriate responses on 
the scoring sheet. The task consisted 
of listening to 25 pairs of tones and 
indicating on the scoring blank if the 
second of each pair was higher or lower 
than the first. The score for each sub- 
ject was the total number of correct 
responses. Generally, three or four 
subjects were tested simultaneously 
and, in many instances, these included 
matched experimental and control sub- 
jects. 


The test-retest reliability of this pitch 
subtest was determined by administer- 
ing it to a fourth grade class of school 
children. Testing was done with the 
entire class and repeated one day later. 


Taste 1. Summary of analysis of variance for 
evaluation of pitch discrimination scores of 
65 school children with functional misarticula- 
tions and of a matched group of 65 normal 
children. 














Source of Variation df ms F F vos 
Between Groups 1 93.00 4.20 4.00 
Between Pairs 64 29.31 132 1.54 
Residual (error) 64 = 22.15 

Total 129 





The resultant 7 of .86 indicated that 
the pitch test, as used by the authors, 
was adequately reliable for research 


purposes. 


Results 


An analysis of variance for matched 
groups, summarized in Table 1, pro- 
vides evidence to support the conclu- 
sion that those children with articulation 
errors on [r] and [s] perform more 
poorly on a test of pitch discrimination 
than do children without articulation 
errors. The mean number of correct 
pitch discriminations for the group of 
subjects with articulation problems 
was 11.72 with a standard deviation of 
5.16; for the group of normal subjects 
the mean was 13.85 with a standard 
deviation of 5.75. 


Taste 2. Summary of analysis of variance for 
evaluation of pitch discrimination scores of 27 
subjects who misarticulated the [r] phoneme 
and 38 subjects who misarticulated the [s] 
phoneme. 








Source of Variation df ms F F 0s 
Between Groups 1 26.90 .790 4.00 
Within Groups 63 33.80 

Total 64 








The analysis of variance to evaluate 
the mean difference in pitch discrimi- 
nation scores between the 27 subjects 
who misarticulated the [r] phoneme 
and 38 who misarticulated the [s] 
phoneme is summarized in Table 2. 
A two-part analysis was performed be- 
cause the original analysis of variance 
test revealed considerable error vari- 
ance, indicating that the matching vari- 
ables were ineffective. Results of this 
analysis failed to show a significant 
difference between the two groups. 
The mean pitch discrimination score 
of the [r] group was 12.19 compared 
with a mean of 11.37 for the [s] group. 
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Conclusions and Discussion 


The results of this study are in agree- 
ment with those of both Mange (12) 
and Bradley (J). This is of particular 
interest since a different pitch dis- 
crimination test was employed in each 
of the three studies. Of interest also 
is the fact that subjects in the present 
study were receiving speech therapy. 
Mange’s subjects had not received 
speech therapy. Bradley did not report 
in his study whether or not his 11 
subjects were receiving speech therapy. 
Speech therapy, with its emphasis on 
auditory discrimination training, might 
have been expected to have improved 
auditory perceptual skills. 


The findings of the present study 
suggest the possibility that children who 
have functional articulation problems 
of different types may be, in general, 
poorer in pitch discrimination than 
normal children. This generalization is 
supported by the lack of significant 
differences between mean pitch dis- 
crimination scores for subjects who 
misarticulated [r] and those who mis- 
articulated [s] and the significant 
difference between the entire misar- 
ticulation group and the control group. 

The high residual variance, which 
can be seen in Table 1, indicated that 
IQ, sex, and grade were poor matching 
variables. The correlation between 
matched pairs of subjects was deter- 
mined and found to be .135. The de- 
cision to use a matching design was 
made originally by the authors to uti- 
lize any advantage gained by control- 
ling small portions of the total error 
variance. Early studies have indicated 
that IQ and pitch discrimination are 
correlated between .11 and .30 (5, 13). 


Although Seashore (14) maintained 
that no significant sex differences ex- 
isted on factors such as pitch discrimi- 
nation, and this opinion was supported 
by a study by Gilbert (6), an exami- 
nation of Mange’s original data in 
which he used sex as a matching vari- 
able indicated a favorable relationship 
between matched pairs on pitch dis- 
crimination scores. This appeared to 
be true as well for grade as a matching 
variable. For these reasons subjects in 
the present study were matched on 
IQ, sex, and grade. In essence the use 
of these matching variables functioned 
to decrease the efficiency of the experi- 
mental design, since the difficulties of 
matching subjects reduced the over-all 
number of subjects used and also re- 
duced the degrees of freedom for 
the error term. It is interesting to note 
that studies of Eisenson, Kastein, and 
Schneiderman (4) and of Bradley (J) 
did not attempt to match subjects. 


Summary 


This study investigated pitch dis- 
crimination in school children with 
functional articulation errors in grades 
three through 12. A total of 65 subjects 
having articulation errors on either [r] 
or [s] were matched with a compara- 
ble group of normally speaking sub- 
jects on the basis of IQ, sex, and grade. 
The pitch subtest of the Tilson-Gretsch 
Music Test was administered to each 
subject following standard procedures. 

Children with functional misarticula- 
tions were found to be poorer in mean 
pitch discrimination than normals. No 
evidence was found of a difference be- 
tween the group misarticulating [r] 
and the group misarticulating [s] on 
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mean pitch discrimination scores. 
Matching variables of IQ, sex, and 
grade were found to be ineffective in 
increasing the precision of the experi- 
mental design. 
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Distance and Fingerspelling 
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Dactylology or fingerspelling, a means 
of communication for the deaf, may 
have possibilities for use in signal situ- 
ations such as those encountered on 
flight lines, in construction work, and 
on railways. Because these possibilities 
have not been fully explored, some pre- 
liminary testing of visual recognition 
of fingerspelled messages was necessary 
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to determine the feasibility of this 
method of communication when dis- 
tance is a factor. This report deals 
with four series of tests designed for 
this purpose: two indoors, in which 
the important variable was distance; 
two outdoors, in which the variables 
included not only distance but also 
differences in abilities and physical posi- 
tions of both the senders and the re- 
ceivers. 

If the letters of the manual alphabet 
are observed from a variety of angles, 
it becomes obvious that from certain 
angles the distinguishing features of var- 
ious letters show up more clearly. Pre- 
sumably it is unlikely, in the normal 
usage of the manual alphabet, that all 
letters are transmitted at the angle 
which distinguishes them most effec- 
tively from other letters. This may be 
noted in comparing the fingerspelling 
of the alphabet when the hand is held 
close to the body, the so-called normal 
position (Figure 1), and when the hand 
is extended to the side (Figure 2). The 
normal positions have been described 
by Long (1) and in papers by other 
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Ficure 1. The fingerspelling alphabet pre- 
sented in so-called normal manner with hand 
in front of and close to the body. 


accepted authorities on the sign lan- 
guage. The literature, however, also 
mentions that the palm of the hand 
should face the person reading the mes- 
sage, a position which of course is 
difficult if the hand is held in front of 
and centered at the chest. It is not too 
unnatural, however, to spell with the 
forearm extending outward, perpen- 

~ dicular to the body, and in this way to 
achieve fairly easily the ‘palm-to-the- 
reader’ position. 


The same letters transmitted by dif- 


ferent persons, especially at some dis- ° 


tance, may vary sufficiently to cause 
readers to confuse the stimulus letter 
with other letters. The tilt of the hand, 
excessive hand or wrist motion,- incom- 
plete closures, carelessness in delivery, 
even the shape and size of the hand may 





Ficure 2. The fingerspelling alphabet pre- 
sented with the arm extended to the right 
of the body. 


alter the appearance and clarity of 
many letters. 


Pilot Study 


In order to discover weaknesses in 
the proposed experimental design and 
procedures of the present study, a pilot 
study was undertaken. The testing ma- 
terial for the study was composed of 
26 nonmeaningful triplets of letters. 
Each letter of the alphabet was repre- 
sented once in initial, medial, and final 
positions. Three packs of cards con- 
taining the alphabet letters were shuf- 
fled to get the letter combinations. This 
procedure was repeated until 16 dif- 
ferent test lists were constructed. Six 
of these lists were used in the pilot 
study. Two male senders, both pro- 
ficient fingerspellers, spelled the test 
triplets for the subjects. 

The subjects were 25 readers se- 
lected from 40 students of grades seven 
through 12 at the Ohio School for the 
Deaf. Each prospective reader was 
given a trial test of 10 nonsense triplets. 
Those selected performed well on this 
test, wrote legibly, and had 20/20 
vision. 

The pilot study was conducted in 
the school gymnasium with the maxi- 
mum illumination available from the 
overhead lights. Each of the senders 
presented the fingerspelling signals at 
three distances. (50,.75, and 94 feet) 
with his hand against a background of 
black construction paper. A metronome 
set at 88 beats per minute enabled the 
senders to maintain a uniform rate of 
one letter per beat. Because the subjects 
were deaf and could respond in the 
main only to visual signals, it was dif- 
ficult to control the time between the 
three-letter combinations. 
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Discussion. Several undesirable fac- 
tors in the pilot study were noted. 
Seating arrangement of the subjects, in 
a single semicircle facing the sender, 
produced distortions in what they saw 
and variations in their responses. Room 
size limited to 94 feet the distance that 
signals could be sent. As the sender 
moved, there was variation in the 
amount of light reflected from his hand. 
The senders observed that since the 
readers were normally accustomed to 
seeing signals presented in front of the 
chest, the arm-to-the-side position was 
unnatural to read as well as to send. 


Indoor Series 1 


Procedure. For the actual test setting, 
a wide hallway was chosen with the 
sender seated on a low bookcase in a 
room opening off the end of the hall- 
way. The sender did not alter his posi- 
tion and the illumination was kept 
constant by the use of two floodlights 
as well as the overhead lights. The two 
senders wore blue denim work aprons 
and presented the signals in the more 
natural hand-in-front-of-chest position. 

There were 24 readers, all of whom 
had participated as subjects in the pilot 
study. They were seated in four groups 
of five and one group of four that were 
located 20, 50, 75, 100, and 125 feet, 
respectively, from the sender. After 
‘reading’ two tests, one from each 
sender, as in the pilot study, each group 
of readers moved back one interval 
except the group at 125 feet which 
moved to the front position, 20 feet 
from the sender. The senders alter- 
nated in sending and in serving as a 
monitor for each other. 

The 10 tests were given over a period 
of a week with four lists presented on 


each of the first two nights and two 
lists presented two nights later. 


Results and Discussion. Although the 
letters were delivered in triplets the 
responses to them were scored indi- 
vidually and visual intelligibility values 
were computed on the basis of a total 
of 78 letters for each test. Confusion 
charts were constructed to indicate 
any trends evident in letter substitu- 
tion. 

Since the tests were run on three 
different nights, the first interpreta- 
tion of the data involved a determina- 
tion of the per cent recognition of the 
fingerspelling for each night of presen- 
tation. Thus it was possible to de- 
termine whether training or varying 
personal conditions not controlled by 
the experimental design had affected 
the test performance. There were only 
slight differences among the perform- 
ances (92.05%, 92.08 %, 93.2%) of the 
readers on the three test nights. 


Average per cent intelligibility scores 
were computed for the test in terms 
of distance. At 20 feet the average in- 
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Ficure 3. Average per cent intelligibility 
scores of 24 subjects for reading the finger- 
spelling alphabet at four distances indoors. 
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Taste J. Predominant substitutions by 24 readers for least intelligible alphabet letters at 


four distances in Indoor Series 1. 











Stimulus Letters Substitutions 
at 50 feet at 75 feet at 100 feet at 125 feet 
O E E E E,S 
H G G G 
E S S 
W Vv V 
N M M 
U R R 
M N 
G H,Q 





telligibility score was 99.2%; at 50 feet, 
98.3%; at 75 feet, 96.2%; and at 125 
feet, 87.6%. These scores indicate that 
there was a rather high intelligibility 
for the finger signals, especially at the 
shorter distances. 

The intelligibility measures for the 
various letters at cach of the four dis- 
tances are represented in Figure 3. At 
50 feet the intelligibility value of the 
letter O dropped sharply. At 75 feet 


this decrease in intelligibility was again - 


evident for O along with a decrease in 
the intelligibility for the letters H and 
E. At 100 feet the per cent intelligibili- 
ty value of O dropped to 65.3%. The 
letters N, W, and U showed a some- 
what reduced intelligibility also. At 
125 feet O and H were lowest in in- 
telligibility. The previously mentioned 
less intelligible letters at 100 feet again 
were low in intelligibility, as were the 
additional letters M and G. 

Confusion tables indicate predomi- 
nance of certain substitutions for those 
letters which had the lowest per cent 
intelligibility ratings. Summarized in 
Table 1 are the predominant substitu- 
tions for the stimulus letters of lowest 
intelligibility. For O, the letter most 





Vv 
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Figure 4. Groups of hand signals most often 
confused by 24 subjects in reading finger- 
spelling at various distances indoors and 
outdoors. Each line is one confusion group. 
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Taste 2. Summary of analysis of variance for evaluating differences among distances and 


between senders for Indoor Series 1. 








Source df 











ms F 

Distances (D) oa 1289.05 

Senders (S) 1 91.26 

Observers (O) 23 34.35 

DS 4 16.67 2.65* 
DO 92 11.41 

SO 23 4.70 

DSO 92 6.29 

Total 239 
*F og = 2.45. 


frequently confused, the substitute re- 
sponse was E almost consistently, 
although S also was substituted fre- 
quently at 125 feet. At 100 and 125 
feet, V, M, and R were most frequently 
substituted for the stimulus letters, 
W, N, and U. At 100 and 125 feet, R 
was the predominant substitution for 
U, and at 125 feet was also the pre- 
dominant substitution for K. Two 
letters were highly confused with sev- 
eral letters in the alphabet but not 
enough with any one letter to be in- 
cluded in Table 1. The letter P was 
frequently used as a substitute for both 
H and Q while the letter R was used 
as a substitute not only for U and K 


but also for V and D. The highly con- 
fused hand signals are shown in Figure 
4. The letters J and Z had the greatest 
intelligibility. This might be expected 
in that they are the only letters which 
involve motion and there are distinct 
differences between them. 


Analysis of Variance. Results of a 
triple analysis of variance using the 
factors (a) distance, (b) senders, and 
(c) observers, are presented in Table 2. 
The criterion measure was the total 
number of correct responses to one 
sender for one observer at one distance. 
Because of the significant interaction 
between distances and senders, a sepa- 


Taste 3, Summary of analysis of simple effects of distances and senders in Indoor Series 1. 











Source df ms F p* 
Distance 1 (20 feet) 1 33 07 ns 
Distance 2 (50 feet) 1 252 54 ns 
Distance 3 (75 feet) 1 21.33 4.54 5% 
Distance 4 (100 feet) 1 102.08 21.71 1% 
Distance 5 (125 feet) 1 31.69 6.74 5% 
Sender 1 4 543.82 47.66 1% 
Sender 2 a 761.91 66.77 1% 








*Point in F distribution. 
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rate test was made for each of the five 
distances and each of the two senders. 
The results of these tests are presented 
in Table 3. The differences among 
distances for each of the senders were 
significant at the 1% level. Differences 
were in favor of Sender 1 at all but 
the first distance, 20 feet, and at the 
fourth distance, 100 feet, this difference 
was significant. All fingerspelling be- 
came significantly less intelligible at 
each increase of distance after the sec- 
ond distance, 50 feet. 


Indoor Series 2 


The high intelligibility scores at 125 
feet indicated that even greater dis- 
tances should be tested. Because of 
time and space curtailments, the five 
best readers (Group I) selected accord- 
ing to their performances at 125 feet, 
were tested with the pilot study test lists 
at 175, 200, and 250 feet. The five next 
best readers (Group II), selected in a 
similar manner, were tested at 150, 175, 
and 225 feet. In comparison with 
Group II, Group I had a less erratic 
pattern response from distance to dis- 
tance and also performed better at 175 
feet. The result of a ¢ test for evalua- 
tion of the mean difference between the 
two groups at this distance was signifi- 
cant at approximately the 6% level 
(t = 2.66; t.o5 with 4 df = 2.78). Group 
I, reading at 175, 200, and 250 feet, 
performed better at each of these dis- 
tances than Group II reading at 150, 
175, and 225 feet, respectively. Even 
at 250 feet, Group I had an average 
intelligibility score above 50%. In this 
latter testing at extreme distances the 
intervening overhead hall lights were 
turned off to help direct the attention 
of the group toward the signal source. 


In the previous testing the readers had 
reported that at the greater distances 
these lights were disturbing. 


Outdoor Series 1 


In order to evaluate the reliability of 
the results of the indoor series, and also 
to test the effect of even greater dis- 
tances on letter intelligibility, two series 
of tests were conducted outdoors. They 
were performed on different days and 
had only two test distances in common. 


The method of constructing the 
tests was similar to that employed in- 
doors and the same two senders served 
in both situations. The readers were 
the 10 best observers used in the indoor 
testing for the longer distances, that is, 
the same as Groups I and II above. The 
four girls in these groups had returned 
from camp just prior to the first out- 
door testing and complained of being 
tired. There were no fatigue factors 
of an unusual sort involved in the 
second series of tests. 


Procedure. The tests of Outdoor 
Series 1 were run in early June, be- 
tween the hours of 4 and 6 p.m. The 
day was bright with scattered cirrus 
clouds. An illumination meter, Weston 
Model 603, was used to obtain readings 
of light reflected off the hand at 10 
inches. The readings for these tests 
were 200 to 300 foot-candles. The 
senders wore dark blue denim bib- 
aprons over their white shirts to pro- 
vide a good background for the spelling 
hand while transmitting test words 
from a natural position in front of the 
chest. The teaders were provided with 
lapboards, answer sheets, and pencils. 
They were seated in the shade in two 
rows with five students in each row. 
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Taste 4. Most frequent substitutions by 10 superior readers for the least intelligible alphabet 
letters at various distances in Outdoor Series 1. 











Stimulus Letters Substitutions 
at 125 ft at 150 ft at 175 ft at 250 ft at 300 ft 

E O,S S Os Oo 
H G G G G G,Q 
N P Q,P P,Q Q,M P,Q 
Oo E E ES 
Q P P P 
WwW Vv Vv Vv Vv 
G Q P 
M N N N N,P,Q 
R Cc x C.D 
U R R R R 
T S,A A 
F I I 
K D R 
S 
V OE 
B WwW R,U 
Y A 
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0 175 feet 
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Ficure 5. Average per cent intelligibility 
scores for 10 superior readers in reading the 
fingerspelling alphabet outdoors (Series 1). 


The senders stood in the sunlight fac- 
ing the sun. Test signals were examined 
at five distances: 125, 150, 175, 250, and 
300 feet. The sender alerted the sub- 
jects for each set of signals by raising 
his hand over his head. 


Results and Discussion. At 125 feet 
the average intelligibility was 95.9%; 
at 150 feet, 90.3%; at 175 feet, 88.1%; 
at 250 feet, 72.9%; and at 300 feet, 
56.3%. These results appear to be 
good but must be interpreted with the 
consideration that previously deter- 
mined superior readers served as sub- 
jects. 


Average per cent intelligibility values 
for each alphabet letter are shown for 
each test distance in Figure 5. The 
most frequently used substitutions for 
those alphabet letters with low intel- 
ligibility are presented in Table 4. All 
alphabet letters which had an intel- 
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ligibility value below the average in- 
telligibility value of the entire alphabet 
at that distance are presented in this 
table. The substitution patterns which 
appear consistently throughout all the 
test distances are O and S for E; G for 
H; P and Q for N; E, and occasionally 
S, for O; P for Q; V for W; N, and 
occasionally P and Q, for M; and R 
for U. In some cases the confusions are 
reciprocating (for example, P, Q, and 
N as substitutions for each other in 
multiple relationship) and in others 
they are not (for example, G as a 
substitution for H but not the con- 
verse). 

These graphic representations do not 
necessarily present a clear picture of 
the confusions involved. Examination 
of confusion tables showed that for 
some stimulus letters heavy concen- 
trations of confusion occurred which 
were not sufficient to cause intelligibili- 
ty scores low enough for them to be 
included in Table 1. For some stimulus 
letters, therefore, additional interpre- 
tation from the confusion tables seems 
important. The O and S substitution 
for E at 125 feet is not as concentrated 
as the V for W, the E for O, the P 
for Q, or the G for H. At 150 feet 
the G appears to be confused with 
many signs other than H, and P and S 
are not only frequent substitutions at 
150 feet but also are used frequently at 
175 feet. These same letters, along with 
Q and R, are used frequently as substi- 
tutes for many letters at 175 feet. As 
the distance increases, the scatter of 
substitution responses increases. At 250 
feet, R is a major substitution response, 
occurring with a frequency of five or 
more for B, D, K, and U; Q occurs 
as a substitution response for G, H, M, 


and N; A is a frequent substitution as 
a response to the signals I, T, and Y. 
At 300 feet, Q and R are again favorite 
substitutions, R occurs frequently as 
a substitute for B, D, F, K, and U; Q 
occurs most often as a substitute for 
G, H, M, N, P, and X; A occurs for 
I, S, T, V, and Y; P occurs for G, 
H, M, N, and Q. 


In this outdoor experiment at various 
distances, G, P, S, Q, R, and A are 
most frequently substituted for other 
letters of the fingerspelling alphabet. 


Outdoor Series 2 


Procedure. The testing occurred at 
the same time of day as for Outdoor 
Series 1. The clouds were more scat- 
tered on this day and the reflected 
light was measured as 300 to 400 foot- 
candles by the illumination meter 
(Weston Model 603). Tests were sent 
from distances at 175, 300, 350, and 
400 feet, using the same procedure as 
in Outdoor Series 1. Until the second 
test, the senders wore dark blue denim 
bib-aprons over their white shirts as 
they did in Outdoor Series 1. At that 
time readers complained of light reflec- 
tion off the shirt sleeves, so the second 
sender put on a dark coat and at 350 
and 400 feet both senders wore coats 
under the denim aprons. 


Results and Discussion. Average per 
cent intelligibility was 93.1% at 175 
feet, 63.9% at 300 feet, 53.8% at 350 
feet, and 37.4% at 400 feet. At the two 
distances which the two outdoor series 
had in common, there was an improve- 
ment in intelligibility in the second 
series: at 175 feet, the average per cent 
intelligibility scores for the second 
series were 5% higher than those for 
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Taste 5. Most frequent substitutions by 10 superior readers for least intelligible alphabet 
letters at various distances in Outdoor Series 2. 











Stimulus Letters Substitutions 
at 175 feet at 300 feet at 350 feet at 400 feet 

E S X S,X 
H G P,G G G 
N Q,P Q,P Q Q 
R X D 
WwW V B,K 
D X,R R R 
I OE 1D = 
K R,D R,D R 
M N N Q,N 
O F S ES 
S A 
i A AS aN 
U R R R 
V U R,X 
X R B,R 
L c 
Q P 
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400 feet 
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Ficure 6. Average per cent intelligibility 
scores for 10 superior readers in reading the 
fingerspelling alphabet outdoors (Series 2). 


the first (93.1% compared with 88.1% ) 
and at 300 feet the scores for the 
second series were 7.6% higher than 
those for the first (63.9% compared 
with 56.3%). The fatigue mentioned 
by the girl readers in the first series 
may have caused this difference in re- 
sults. The fact that the senders wore 
dark coats to eliminate glare off their 
shirt sleeves might also be a factor. 
Figure 6 presents the intelligibility 
values for the individual alphabet letters 
at each of the test distances. 


In Table 5 are presented the most 
frequent substitutions for those letters 
with per cent intelligibility scores be- 
low the average. Recurring substitu- 
tions were G for H; Q and P for N; 
R for D; R for K; N for M; S and 
E for O; A for T; and R for U. The 
confusion tables indicate that at 300 
feet R is a common substitution for 
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U, K, D, and B; P is a substitution for 
G, H, N, and Q; K is a frequent sub- 
stitution for U, V, and W. At 350 
feet, R again heads the list as a favorite 
substitution, occurring for X, V, U, 
K, D, C, and B; X is used as a fre- 
quent substitution for E, G, H, O, and 
R; S is a substitution for A, E, O, 
and T. At 400 feet, the letters most 
used as substitutions are R, Q, P, X, 
B, and S: R occurs as a substitution for 
X, U, T, N, M, H, and G; Q occurs 
for N, M, H, and G; P for Q, N, M, 
and H; X for V, T, E, and C; B for 
X, W, and F; and S for T, O, I, E, and 
A. Summarizing, it is found that R, 
P, K, X, and S are frequently used as 
substitutions throughout the alphabet. 

It was considered unwise to attach 
any great importance to the data con- 
cerning the distances at which the 
average intelligibility was below or only 
slightly above 50%. There would 
naturally be a wider range of guesses 
involved here than at the shorter 
distances. 


Conclusions 


A comparison of the average per cent 
intelligibility scores in the indoors and 
outdoors performances of the same 
subjects, that is, of the group reading 
in the second indoors series and in both 
outdoors series, indicates that intel- 
ligibility is higher in the outdoors per- 
formances than in the indoors series and 
that in the second outdoors it is superior 
to the first (Figure 7). The mean 
scores were 79.6% for Indoor Series 
2; 88.1% for Outdoor Series 1; and 
93.1% for Outdoor Series 2. 

It is possible that these differences 
in scores reflected not only the ability 
of the senders but also the readers’ 
familiarity with the senders’ charac- 


teristic manners of spelling. It is pos- 
sible also that the senders, knowing 
what letters were causing confusion, 
made a conscious effort to send these 
particular letters with greater clarity. 
In addition to distance, the influence 
of light may have been a factor inas- 
much as the light difference was one 
of the great differences between the 
indoor and the outdoor series. 

A certain consistency was noted in 
both the letters which were most often 
misread and in the substitutions most 
often read for them. It was. noted 
further that substitutions tended to 
follow the gross hand shape; for in- 
stance, closed hand signals were con- 
fused with closed hand signals, open 
hand signals with open hand signals. 

Since, under the conditions of the ex- 
periment, the intelligibility of finger- 
spelling was found quite high at 
distances around 175 feet, the sugges- 
tion is made that fingerspelling might 
be usable as a supplement to and clari- 
fication of hand signals now in use 


“at such distances. 
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Ficure 7. Average per cent intelligibility 
scores for 10 superior readers in reading the 
fingerspelling alphabet presented by the 
same two senders at 175 feet, once indoors 
and twice outdoors. 
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Summary 


A test was made of the visual in- 
telligibility of nonmeaningful alphabet 
triplets presented in fingerspelling to 24 
deaf students under conditions of arti- 
ficial lighting and natural lighting. Two 
senders, familiar with the fingerspelling 
alphabet and known by the subjects, 
presented the materials. 

Results indicated that distance be- 
tween the sender and the receivers was 
the prime factor affecting intelligibility. 
At 125 feet, the greatest distance tested 
with the entire group, the average in- 
telligibility was 87.6%. At 250 feet, 
the five best readers were able to 
recognize better than 50% of the ma- 
terials. Outdoors the average per cent 
intelligibility was higher than for the 


corresponding distance indoors and the 
average intelligibility was above 50% 
at 300 feet. Under all conditions of 
testing there were tendencies for certain 
letters to receive certain substitutions 
and other letters to be highly confused 
with a wide variety of letters. Substi- 
tutions tended to follow gross hand 
shape. 


In general, the intelligibility of alpha- 
bet letters was sufficiently high up to 
175 feet to indicate possibilities of using 
the fingerspelling alphabet as a means 
of supplementing or clarifying present 
hand signals now in use. 
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White Noise and Stuttering 


» A number of investigators have observed 
reduction of stuttering when the acoustic en- 
vironment of the speaker is altered. Among 
such alterations is the use of high intensity 
white noise which presumably ‘masks’ or 
prevents the speaker from hearing the sounds 
of his own speech. In a recent study, Cherry 
and Sayers (J. psychosom. Res., 1956, 233- 
246) demonstrated a total inhibition of stut- 
tering during exposure to high intensity 
white noise. When the white noise was fil- 
tered to pass or reject frequencies below 
500 cps, the inhibition was more effective 
with the low pass white noise; that is, when 
the noise contained a predominance of low 
frequencies which are in the region of the 
spectrum at which most of the energy of 
speech is concentrated. This leads to the 
implication that noise achieves its effective- 
ness for the stutterer by reducing his hearing 
of the sounds of his own speech. 

In the course of an extensive series of 
experiments in our laboratory on the role of 
a variety of acoustic conditions—white noise, 
pure tones, delayed auditory feedback—in 
the reduction of stuttering, we came to 
doubt that noise achieves its effect by re- 
ducing the ability of the stutterer to hear the 
sounds of his own speech. 

We undertook the following means of 
studying this problem. The presentation of 
white noise during oral reading was triggered 
by a voice-actuated relay. In one condition 
of the experiment, presentation of the noise 
occurred only during the phonation of speech 
sounds. During silent periods, no’ noise was 
presented. In a second condition, the noise 
was presented only during the silent periods, 
and not during the phonation of sounds. In 
this condition, therefore, the noise could not 
mask the speaker’s hearing of his own speech 
sounds. These two conditions were com- 
pared with (a) continuous noise, as is nor- 
mally used in ‘masking’ experiments, (b) 
wearing of earphones but no noise presented; 
and (c) several control readings under nor- 
mal conditions. If the reduction of stutter- 
ing is due to the fact that the noise prevents 
the stutterer from hearing his own speech, 
the condition in which noise is present only 
during phonation should be as effective as 
continuous noise, while the condition in 
which noise is present only during silent 
periods should be relatively ineffective. 


~ 


B RESEARCH NEWS NOTE 


In the following table are the results in 
terms of correct words per second for nine 
stutterers for the five conditions: average 
control (AC), phones only (PO), noise dur- 
ing silence (NS), noise during phonation 
(NP), and continuous noise (CN). Each 
row presents the scores for one subject. 








AC PO NS NP CN 





33 37 .28 24 86 
4l 37 1.95 2.14 2.37 
60 1.55 2.58 1.70 1.96 
61 su) 2.05 1.94 1.83 


1.12 1.59 1.87 1.51 1.28 
1.45 1.07 1.90 eek 2.12 
1.68 2.15 1.81 1.76 2.22 
1.70 1.53° Biz 1.79 2.29 
1.87 2.42 1.92 2.35 2.09 


Mean 
1.09 1.31 1.90 1.74 1.89 








xr = 12.53; p < .02. 


The noise conditions clearly improve the 
correct word rate as may be seen in the 
rise from mean rates of 1.09 and 1.31 under 
the no-noise conditions to mean rates of 
1.90, 1.74, and 1.89 under the noise condi- 
tions (p < .02, Friedman two-way analysis 
of variance). However, when comparing 
the three noise conditions, it may be seen 
that the condition in which noise occurs 
only during silent periods, in other words the 
conditions in which noise cannot mask the 
speaker’s hearing of his own speech, is just 
as effective as the other two conditions in 
which masking does occur. 


It seems clear that a re-evaluation of the 


way in which noise reduces stuttering is 
in order. 


Samuel Sutton, Ph.D. 

Columbia University 

Richard Allen Chase, M.D. 

Yale University School of Medicine 
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Hearing is normally tested by present- 
ing pure tones to a subject, who reports 
his hearing experience. Although this 
technique gives accurate clinical in- 
formation, its dependence on report of 
subjective experience limits its validity 
when applied to several groups of indi- 
viduals who are either unable or un- 
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willing to give such a response. One 
such group are the children brought 
for medical evaluation because they do 
not respond appropriately to verbal 
communication and for whom the 
differential diagnosis often includes 
middle ear and sensorineural hearing 
loss, childhood schizophrenia, and or- 
ganic brain damage. Another type of 
person who cannot be tested by routine 
techniques is the malingerer. 


A technique introduced recently for 
gaining additional information with 
respect to the hearing acuity of these 
problem groups is delayed auditory 
feedback. Auditory stimuli produced 
by motor activity and used to monitor 
motor activity are called auditory feed- 
back. An example of auditory feedback 
is the sound of a person’s own voice 
as he speaks. A delay in the return of 
a speaker’s voice to his ears, delayed 
auditory feedback, results in marked 
changes in his speech. He speaks louder, 
slows his rate of speaking, and repeats 
sounds (4). Many attempts have been 
made to estimate the degree of hearing 
impairment by noting the lowest in- 
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tensity of the delayed auditory feed- 
back which will produce changes in 
speech (J, 2, 5, 8, 9, 7). The fact that 
speech consists of many frequencies 
with sound energy distributed unevenly 
throughout these frequencies has made 
it impossible to obtain precise informa- 
tion about hearing acuity by this means. 
Another factor which decreases the 
usefulness of the delayed auditory feed- 
back of speech for auditory testing is 
the difficulty of obtaining a sensitive 
and unambiguous measure of the com- 
plex alterations which occur in speech 
under delayed auditory feedback. In 
one study (8), a panel of judges was 
used to decide whether a subject was 
speaking under delayed or normal feed- 
back. Majority agreement was correct 
in only two out of 10 cases when the 
delayed feedback was at 10 db sensation 
level. The use of reading time as a 
measure gave only one correct identi- 
fication out of a possible 10 at this 
sensation level. 


The authors have recently shown 
that a delayed click presented to a 
subject’s earphones each time he taps 
on a key results in changes in keytap- 
ping which are analogous to changes 
in speech under delayed auditory feed- 
back (3). The usefulness of this tech- 
nique in testing hearing depends on 
whether unambiguous changes in tap- 
ping performance can be obtained at 
an intensity level which is close to the 
threshold of hearing. It is the purpose 
of this report to present data pertinent 
to this question. 


Procedure 


The subjects were 20 young adults 
with normal hearing. Each _subject’s 


I, SUBTHRESHOLD CLICK (-5.0 a ne: rnnesnoro oF neanine) 





DELAYED FEEOBACK 


II. ABOVE- THRESHOLD CLICK i+10.0 ane: tHnesHoLo OF HEARING) 
' cy ‘ 





r (a) { 





OELAYEO FEEDBACK 


SYNCHRONOUS FEEDBACK 


Figure 1. Graphic time-amplitude characteris- 
tics of groups of four taps on a key: I, sub- 
threshold click (no change in group-to-group 
time with delay); II, above-threshold click 
(increase in group-to-group time with delay). 


threshold of hearing was determined for 
a click of 400 psec duration and con- 
taining frequencies from 500 to 2000 
cps. The subject was then asked to tap 
on a key according to the following pat- 
tern: three taps, pause, one tap (... .). 
The subject was to continue to tap 
such groups of four, with a somewhat 
longer pause between groups, until told 
to stop. Each subject picked his own 
rate, but was told to be as constant as 
possible in the rate and pressure of his 
tapping. Each time the subject hit the 
key, the output of a Baldwin Lima 
Hamilton, Model A-7, SR-4_ strain 
gauge was used to give a continuous 
record of the time and amplitude 
characteristics of his tapping (Figure 
1). A schematic diagram of the equip- 
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Ficure 2. Schematic diagram of equipment. 











rates 











Chase and Others: Delayed Clicks and Keytapping 75 


ment is shown in Figure 2. Each time 
the subject tapped on the key, he 
triggered presentation of the click (de- 
scribed above) to his earphones. Special 
circuits were designed to insure that 
a square-wave pulse of 400 psec was 
presented at the attenuators whether the 
click was delayed by use of a tape re- 
corder or whether the click was re- 
turned without delay to the subject’s 
earphones.* The general arrangement of 
the circuits used to provide delayed 
and undelayed clicks is shown in Figure 
2. The clicks could be attenuated in 
1 db steps from zero to 100 db below 
the threshold of normal hearing, using 
a Hewlett-Packard #350 B attenuator. 
Two cascaded United Transformer 
filters (types HML and IML) were 
used to obtain a pass band of 500 to 
2000 cps for the click delivered to the 
earphones. The powér amplifier was a 
60-watt Acrosound Mark II, and the 
earphones were Permoflux PDR-1. 


In the first condition of the experi- 
ment, the clicks were presented at 5 db 
below the subject’s threshold of hear- 
ing. The subject was instructed to con- 
tinue tapping in groups of four 
according to the prescribed pattern 
until told to stop. Without pause or 
warning, the experimenter alternated 
from synchronous feedback of the 
clicks to delayed feedback of the clicks 
after every 12th group of taps to obtain 
three samples of 12 groups each, two 
samples under synchronous feedback 
and one under delayed feedback. In 
the second condition of the experiment, 
the same procedure was followed, but 


*The technique for obtaining delayed audi- 
tory feedback has been described elsewhere 
(6), 


Taste 1. Group-to-group measures, in milli- 
meters of tape directly proportioned to time, 
for one individual (Subject 13) for the alter- 
nating synchronous (S) and delay (D) se- 
quence of the above-threshold condition. 
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49 55 51 58 50 52 

Mean 479 $64 499 556 50.9 514 


— 2 
CoC ONAN A 8 
s 

+ 

ws 








the intensity of the clicks was now 
10 db above the subject’s threshold of 
hearing and six samples of 12 groups 
each were obtained for comparison of 
synchronous and delayed feedback. 


The time in seconds from the first 
tap of one group to the first tap of the 
next group was defined as the group-to- 
group time (Figure 1). Means of these 
measures for groups 4 through 10 con- 
stituted the raw scores for the statistical 
analyses. Measures for the first three 
groups of each sample were omitted in 
the analysis of the data because the first 
few groups after an alternation tend to 
show a lag effect from the previous 
condition. One subject’s record for the 
above-threshold condition is shown in 
Table 1. (The entries in the table are 
in millimeters of tape which is directly 
proportioned to time.) 


Results 


A Friedman two-way analysis of 
variance by ranks (10, p. 166) was per- 
formed, employing the ranks, for each 
of the 20 subjects, of the mean scores 
under synchronous and under delayed 
feedback trials .for the subthreshold 
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condition. There were no significant 
differences among the two synchronous 
and one delayed feedback trials (y,*7 = 
3.48 with 2 df). The same analysis for 
testing differences among the six above- 
threshold sample means indicated high- 
ly significant differences (y,7 = 53 
with 5 df; significant beyond the .001 
level). The mean ranks for the three 
delayed feedback samples were con- 
siderably and consistently larger than 
the mean ranks for the three synchro- 
nous feedback trials. The evidence is 
thus strong that group-to-group time 
is longer under delayed feedback than 
under synchronous feedback. 


Since the interest here was in diag- 
nostic applications, a significance test 
was performed on each individual’s 
data for the 10 db above-threshold feed- 
back of the clicks. Because of the dis- 
tribution and the narrow range of scores 
(Table 1), the Kolmogorov-Smirnov 
test (10, p. 127) was used to evaluate 
differences between synchronous and 


delayed feedback trials. For 15 of the 


20 subjects the result was significant 
beyond the .05 level (y? range: 7.55 
to 42.00); for four of the remaining 
subjects, p levels ranged from .06 to 
.10; and for only one subject did the p 
level exceed .10. 


Part of one subject’s graphic record 
is shown in Figure 1. When the above- 
threshold click is presented, the group- 
to-group time increases under delayed 
feedback. This subject made an extra 
tap in his first group under delayed 
feedback with the above-threshold 
click. Such errors are commonly seen 
in keytapping records under delay, but 
the group-to-group time increases for 
all subjects in general even in the ab- 
sence of errors in number of taps. 


Discussion 


It seems clear that the disturbance 
in motor performance which follows a 
delay in auditory feedback has potential 
for testing hearing acuity in subjects 
who are either unable or unwilling to 
give consistent responses to standard au- 
diometric tests. However, a number of 
further studies are required before de- 
layed feedback of the auditory accom- 
paniments of tapping may be considered 
suitable for clinical use. First, pure-tone 
bursts need to be substituted for the 
click in order to obtain an audiometric 
curve. Second, the study should be re- 
peated with populations having differ- 
ent etiological types of hearing loss. 
Harford and Jerger (9), using delayed 
speech feedback to study hard-of-hear- 
ing individuals with an etiology of en- 
dolymphatic hydrops, found that such 
individuals were more disturbed in their 
speech performance at medium and 
high intensity delayed auditory feed- 
back than were normals. This is pre- 
sumably due to the presence of 
recruitment in this disorder. Para- 
doxically, however, patients with oto- 
sclerosis who do not show recruitment 
also were more disturbed in their 
speech performance by high intensity 
delayed auditory feedback than were 
normals. Such factors suggest that the 
extrapolation of results with normal 
populations to hard-of-hearing popu- 
lations, or the attempt to infer threshold 
level from above-threshold data, is beset 
with difficulties. In this connection, 
study of the delayed feedback of key- 
tapping may help to elucidate some of 
the seemingly contradictory results 
obtained with delayed speech feedback, 
for example, the paradoxical effects 
obtained in patients with otosclerosis. 
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It may be that the results obtained with 
this group with delayed speech feed- 
back are due to a complex relationship 
between air-conducted and bone-con- 
ducted feedback of the speech. Since 
the keytapping task produces no bone- 
conducted feedback, this may be used 
to test such possibilities. 


A third consideration on which 
further study is needed is the nature 
of the keytapping task to be used. It 
will be noted that the delayed feedback 
of the task in the present study (... .) 
showed differences between synchro- 
nous and delayed feedback significant 
at the .05 level for only 15 of the 20 
subjects. While this is a substantial 
achievement at 10 db sensation level, 
modification of the required motor 
task may improve the sensitivity of the 
technique. Another modification which 
might increase sensitivity is the use of 
more than one delay time of the audi- 
tory feedback. A great deal of research 
information is available which indicates 
that the delay time which causes most 
disturbance in speech differs from in- 
dividual to individual. It is to be ex- 
pected that similar interindividual 
differences for the keytapping task will 
be found. 


Summary 


A technique is suggested which may 
be useful along with present clinical 
methods of evaluating threshold of 
hearing. It consists of observing changes 
in the temporal characteristics of simple 
keytapping performance when a delay 
is introduced in the hearing of the click 
which accompanies each tap. 


The 20 subjects tapped on a key 
in a simple temporal pattern under 


synchronous and delayed feedback of 
the click. The feedback was below 
hearing threshold in the first condition 
of the experiment, and at 10 db sen- 
sation level in‘the second condition. 
Differences between tapping perform- 
ance under synchronous and delayed 
feedback in the subthreshold condition 
were not significant, but at the 10 db 
sensation level they were highly sig- 
nificant (p< .001). Intraindividual 
analysis of the above-threshold data 
yielded significant differences (p< .05) 
between the synchronous and delayed 
condition for 15 of the 20 individuals. 
A number of suggestions are made for 
adapting this technique to clinical use. 
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B® An extensive research project (estimated 
date of completion: 1963) will attempt to 
delineate the role of ‘social variables’ in the 
onset and development of speech disorders. 
The writer has received a grant from Michi- 
gan State University to initiate this project. 
The research is concerned primarily with 
the epidemiology of speech disorders: the 
relative incidence and prevalence of diagnosed 
speech problems over the social class struc- 
ture. That is, a study of speech disorders will 
be conducted through comparison of fre- 
quencies, patterns, and distributions of such 
disorders in socially stratified populations. 
The study will include also (a) an analysis of 
the relationships of specific diagnoses of speech 
disorders to the class structure (are organ- 
ically based speech disorders more prevalent 
in the ‘lower’ segments of the social struc- 
ture?); (b) a study of the role of ‘social 
mobility’ in the incidence of speech dis- 
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orders; (c) an investigation of clinical treat- 
ment in relation to the class membership of 
the patient; (d) an analysis of the relations 
between various indices of social stratification 
(occupation, value system, etc.) and speech 
disorders. 


A theoretical model has been derived from 
the extant literature sahagp.| to sociology, 
anthropology, psychology, and speech path- 
ology. An interview schedule is being de- 
signed to study a group of parents of speech 
defective children and a control group of 
parents of normal-speaking children. The 
author will utilize Hollingshead’s index of 
social class to evaluate the experimental and 
control groups. Relations between social class 
and speech disorders will then be examined 
by nonparametric statistical methods. 


Lonnie L. Emerick, M.A. 

Assistant Instructor, Speech Department 
Michigan State University 

East Lansing, Michigan 








TE 


it- 
of 


on 
ch 


sy 
th- 


le- 
ch 
of 
he 


nd 
ass 
ed 








Maternal and Environmental Factors 
Related to Success in Speech Improvement Training 


PHYLLIS BURGESS ANDERSLAND 


The effectiveness of speech training for 
children depends upon its suitability 
for the individual in terms of the origi- 
nal and sustaining causes of the problem 
as well as upon the child’s capacity for 
change. Lack of knowledge concern- 
ing etiological conditions and the diffi- 
culty of research which takes into 
consideration the variety of factors 
which may be involved have hampered 
clinical assessment and treatment. One 
experimental approach entails a com- 
parison of background factors in chil- 
dren who improve after receiving 
speech training with those who do not. 
Differences between the groups may 
provide indications of those factors 
most relevant to success in speech train- 
ing. 

The purpose of this study is twofold: 
(a) to ascertain what relationships exist 
between children’s articulation and cer- 
tain factors thought (10, pp. 707- 768) 
to be related to the etiology of func- 
tional articulatory problems and (b) to 
determine in what ways kindergarten 
speech improvement training alters 
these relationships. A postdictive ap- 
proach was utilized; that is, groups of 
children with known articulation de- 
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article is based on a master’s thesis completed 
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velopment, some of whom had received 
speech training, were compared on a 
number of environmental factors. More 
specifically, an attempt was made to 
determine the relationship of certain 
maternal personality traits, maternal 
attitudes, and family socioeconomic 
level to improvement in articulation. 


Wood (14) reported that functional 
articulatory errors in children and the 
effectiveness of speech therapy were 
significantly associated with maternal 
maladjustment. Certain methodological 
procedures in his study should be noted 
in an evaluation of these conclusions: 
First, the judgment of maternal mal- 
adjustment was based upon a compari- 
son of his subjects with the normative 
population of the Bernreuter Person- 
ality Inventory and the California Test 
of Personality (CTP) rather than upon 
comparison with a control group 
selected for the immediate purpose. 
Second, lower cutting scores of ‘neurot- 
icism’ than were validated were used 
for the tests, thus probably giving a 
biased picture of maladjustment.’ Fi- 
nally, while children of mothers 


‘ receiving counselling manifested more 


‘Bernreuter (3, p. 1) reported that people 
scoring above the 98th percentile would 
probably profit from psychiatric or medical 
advice. Wood (14) considered that parents 
above the 50th percentile manifested 
neuroticism on the test. No validated cutting 
scores were supplied by the CTP (12, p. 6). 
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improvement in speech therapy than 
children of mothers who were not 
counselled, the interpretation of this 
finding as indicating the importance of 
maternal adjustment for successful 
speech therapy might be open to ques- 
tion. The mothers were given the 
opportunity to discuss their problems 
and the results from personality tests, 
but the counselling procedure as re- 
ported by Wood centered on the 
teaching of techniques for handling 
children. Nearly half of the negative 
home environment factors listed per- 
tained to problems of child manage- 
ment. Since no change in maternal ad- 
justment was demonstrated directly, 
accelerated speech improvement may 
have resulted from better parent-child 
relationships. These considerations sug- 
gest that further investigation and a 
general re-examination of this prob- 
lem are indicated. 


During the 1951-52 academic year 
Wilson (13) studied 242 children who 


were attending kindergarten in five - 


public schools in Lafayette, Indiana. 
For a period of 12 weeks in their regu- 
lar half-day school sessions, children 
in the experimental group received 
daily speech lessons from their regular 
kindergarten teachers. Children in the 
control group were taught by the same 
five kindergarten teachers during the 
other half-day sessions in the same 
period but received no speech lessons. 
The two groups were relatively ho- 
mogeneous in terms of age, sex, 
intelligence, social maturity, and socio- 
economic status. Results of the study 
indicated that the children who had 
received classroom speech improvement 
lessons showed significantly greater im- 
provement in articulation than did the 


control group. The usefulness of kin- 
dergarten speech improvement lessons 
of the Wilson type was considered 
substantiated. 


Procedure 


Experimental Subjects. The effects of 
speech training in relation to 15 mater- 
nal and environmental factors were in- 
vestigated through comparisons among 
the seven groups of mothers, the groups 
established solely on the basis of the 
speech histories of their children. Partic- 
ipating in the study were 94 mothers 
of children studied by Wilson (13). 
These mothers represented 85% of the 
possible usable subjects. (The remain- 
ing 15% included mothers from six of 
the seven groups and from all socio- 
economic brackets.) These 94 mothers 
had remained in Lafayette, were 
willing to cooperate, and had children 
in one of the seven criterion groups. 

Establishing Criterion Groups. The 
articulation of those children from 
Wilson’s study who were available was 
reassessed by Drexler (4) and others 
during the 1957-1958 school year. Satis- 
factory reliability of articulation as- 
sessment was established by these 
studies (13, 4). Each child originally 
accepted had hearing and vision within 
the normal range and was without gross 
organic defect. The present investigator 
classified the children into groups ac- 
cording to whether or not they had 
received kindergarten speech improve- 
ment lessons and/or subsequent speech 
therapy. They were further classified 
according to the absence or presence 
of any articulation errors as measured 
in 1952 and in 1957 by the Wilson 
Articulation Test (13). After elimi- 
nation of those groups in which only 








SSS 





Andersland: Environmental Factors, Speech Training 81 


two or three children were to be found, 
seven groups remained with sufficient 
numbers to warrant investigation: 
Group I, children without articulation errors 
in 1952, no formal speech training (N = 8); 


Group II, children with articulation errors 
in 1952, no speech lessons, no articulation 
errors in 1957 (N = 7); 


Group III, children without articulation 
errors in 1952 following Wilson speech 
improvement lessons (N = 7); 

Group IV, children with articulation errors 
in 1952 after Wilson speech improvement 
lessons, no additional speech therapy, no 
articulation errors in 1957 (N = 17); 


Group V, children with articulation errors 
in 1952 after Wilson speech improvement 
lessons, no additional speech therapy, 
articulation errors still present in 1957 
(N = 16); 

Group VI, children with articulation errors 
in 1952 after Wilson speech improvement 
lessons, additional speech therapy (an 
average of 23 hours of public school group 
speech therapy), articulation errors still 
present in 1957 (N = 10); 


Group VII, children with articulation errors 
in 1952, no formal speech training, articula- 
tion errors still present in 1957 (N = 29). 
Factors. Measure of Maternal Person- 

alities. —The Gordon Personal Profile 
was selected to measure personality 
characteristics (five factors) of the 
mothers because of its brevity and test 
construction minimizing falsification. 
Previous research (7, pp. 12-15) estab- 
lished its acceptable validity and relia- 
bility. In the test four basic factors, 
Ascendency, Responsibility, Emotional 
Stability, and Sociability, are measured; 
the four are then combined to form a 
Total Gordon Scale on which low 
scores indicate poor adjustment. Local 
norms developed from the data gath- 
ered for this study (J) were used for 
comparisons between high and low 
scoring mothers. 


Measure of Maternal Attitudes. Ma- 
ternal attitudes were measured by the 


Parental Attitude Research Instrument 
(PARI) developed by Schaefer and 
Bell (17) and widely used for research 
purposes. The three weighted factors 
(16) utilized in this study included: 
Authoritarian-Control, Hostility-Rejec- 
tion, and Democratic Attitudes. 


Measure of Socioeconomic Level. A 
rating (one factor) of socioeconomic 
level on a six-point scale was made by 
the single interviewer utilizing the 
quality of the home, furnishings, and 
dwelling area as well as the occupation 
and education of the parents in the 
subjective judgment (/). Upper-class 
individuals in this study would corre- 
spond to Warner’s (6, pp. 90-98) Upper 
and Upper-Middle classification, mid- 
dle-class individuals to Warner’s Low- 
er-Middle and Upper-Lower classes, 
and lower-class individuals to Warner’s 
Upper-Lower and Lower-Lower 
groupings. 

Personal Data. Certain information 
concerning the family (five factors) 
was obtained through the use of a 
questionnaire. Items included were ma- 
ternal education, paternal education, 
maternal age, maternal employment, 
and number of children. 

Estimate of IQ. The IQ of the chil- 
dren, as obtained by Wilson (13), was 
the fifteenth factor used in the analysis. 


Summary of 15 Factors. The 15 fac- 
tors, thus, were as follows: maternal 
personality, five factors, measured by 
the Gordon Personal Profile; maternal 
attitude, three factors, measured by the 
Parental Attitude Research Instrument 
(PARI); family socioeconomic level, 
one factor, derived from interview, 
questionnaire, and occupational infor- 
mation from the schools; family back- 
ground, five factors, based on infor- 
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mation from questionnaire; IQ, one 
factor, measured by Wilson study. 


Interviewing Procedure. An inter- 
viewing procedure was used with the 
mothers. Their cooperation was ob- 
tained, the PARI and Gordon tests 
were explained, and judgments of socio- 
economic status and maternal speech 
were made during the initial contact. 
Most test materials and the question- 
naire were left with the mothers to be 
answered at their convenience. In three 
cases, individual administration of the 
materials was necessary due to reading 
difficulties. Materials were returned 
in stamped, self-addressed envelopes 
which were coded to assure identifica- 
tion. In order to reduce emotional re- 
actions that are known (2) to bias 
maternal reports, the study was con- 
ducted under the guise of an opinion 
poll. There was no evidence that any 
mother was aware of a relationship be- 


tween the study and the speech of her 
children. 


Results 


Correlations between the 15 factors 
studied indicated that there were high 
intercorrelations among the five 
Gordon scales and between the edu- 
cation and socioeconomic factors (1). 
Those correlations which are important 
to the interpretation of the study are 
given in Table 1. Analyses of variance, 
one for each-of the 15 factors, were 
carried out to identify those factors on 
which groups differed significantly. 
Those with differences significant be- 
yond the .01 level were Emotional Sta- 
bility, Total Gordon, socioeconomic 
level, paternal education, and PARI 
Hostility-Rejection factors. Those with 
differences significant beyond the .05 
level (but not at the .01 level) were 
Ascendency, Responsibility, Sociability, 


Taste 1. Correlations between the 10 significant factors: 1. PARI Hostility-Rejection (H-R); 
2. Ascendency (Ascend); 3. Responsibility (Resp); 4. Emotional Stability (E Stab); 5. 
Sociability (Sociab); 6. Gordon Total Score (GTS); 7. Socioeconomic (Socioec); 8. Paternal 
Education (P Ed); 9. Maternal Education (M Ed); 10. Child’s IQ (Ch IQ). (Means of 


the first six factors are weighted.) 











Factor Means SD~- Correlations 
1 2 3 4 5 6 7 8 9 
1. H-R 64.48 10.77 
2. Ascend 14.29 8.01 —.15 
3. Resp 22.38 911 23" J54F 
4. E Stab 18.00 9.66 —.19* S1f .79F 
5. Sociab 16.71 878 —22* 88t SS .44+ 
6. GTS 41.51 23.73 —28} 84+ .76¢ 80F 81t 
7. Socioec 3.20 1.59 —21* .19* .18* .19* .19* .21* 
8. P Ed 12.18 5.02 -15 = .11 yb amet I 10 1600 547 
9. M Ed 11.99 3.48 =21* 16) 18" 415.82 AS" 325 7ST 
10. Ch IQ 99.84 23.99 .02 357 a3" 


05 10 O01 04 05 32+ 








*Significant beyond the .05 level. 
{Significant beyond the .01 level. 
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maternal education, and children’s IQ. 
There were no significant differences 
between groups for maternal employ- 
ment, maternal age, number of chil- 
dren, PARI Authoritarian-Control, and 
PARI Democratic Attitudes. 


Differences between Groups. The 10 
factors in which there were significant 
differences between groups were fur- 
ther analyzed by the Duncan (5) test 
utilizing the harmonic mean to correct 
for differences in group sizes. This 
analysis indicated which groups dif- 
fered significantly (.05 level) from 
which other groups on each of the 10 
significant factors. Results (J) are sum- 
marized below. 


Group I scored significantly higher 
than at least four of the other groups 
in socioeconomic level, maternal edu- 
cation, Emotional Stability, and Total 
Gordon Scale. Likewise this group 
showed the least Hostility-Rejection, 
differing significantly from Groups III, 
VI, IV, and VII, and was significantly 
higher than three groups in paternal 
education. 


Contrasting sharply with the Group 
I mothers of children having superior 
speech were the mothers of Group VI, 
whose children represented the most 
severe articulation problems in the 
study. Group VI was significantly 
lower than at least four other groups 
on Ascendency, Responsibility, Socia- 
bility, and Total Gordon Scale, and 
significantly lower than three other 
groups in socioeconomic level and 
Emotional Stability. Mothers in this 
group scored more hostile than three 
other groups as measured by the PARI 
Hostility-Rejection Scale. This group 
was significantly lower than at least 


one other group in paternal and mater- 
nal education and IQ of the child. 


Although Group II was significantly 
lower than Group I in Emotional Sta- 
bility, this was the only factor on 
which the two groups differed signifi- 
cantly from each other. A comparison 
of the success in articulation of these 
two criterion groups may suggest the 
negative effect of poorer maternal ad- 
justment, and a comparison with Group 
III implies the positive value of kinder- 
garten speech improvement lessons. 


Group III revealed the greatest 
amount of Hostility-Rejection of all the 
groups, differing significantly from 
three other groups. Group III was 
significantly lower than Group I in 
maternal education, Responsibility, 
Emotional Stability, and the Gordon 
Total Scale. It was also significantly 
higher than Group VI on the Gordon 
Total Scale and significantly higher 
than two other groups in socioeco- 
nomic level and IQ of child. The 
speech success of the criterion group 
suggests that kindergarten speech im- 
provement may be important as a 
means of overcoming possible bad 
effects of maternal Hostility-Rejection 
of home and family. It also suggests 
exploration of the possibility that 
superior intelligence might facilitate the 
early learning of errorless articulation. 


Groups IV and V did not differ sig- 
nificantly from each other in any of the 
10 factors although the members of 
criterion Group IV achieved errorless 
articulation at the time of this study 
while members of criterion Group V 
did not. Differences in sex distribution 
in the two criterion groups suggested 
this might be a relevant factor. Both 
groups were among the lower socio- 
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Taste 2. Distribution of children according to participation in speech improvement lessons 
in 1952 (no lessons, lessons), socioeconomic level, and presence or absence of articulation 





errors in 1957 (error, no error). 








Socioeconomic 





No Lessons Lessons 
Level No Error Error No Error Error 
Upper 10 4 4+ 3 
Middle 5 11 12 13 
Lower 15 8 9 








economic and educational levels of the 
seven groups studied and were signifi- 
cantly higher than Group VI in 
Emotional Stability, Total Gordon, 
Ascendency, and Responsibility. 


Group VII was also among the lower 
socioeconomic and educational levels. 
This group was significantly lower than 
Group I in Emotional Stability and 
Total Gordon Scale, and significantly 
higher than Group VI in Ascendency 
and Responsibility. 


It is to be noted that socioeconomic 
level, maternal adjustment, maternal 
attitudes rejecting home and family, 
and intelligence and sex of the children 
appeared to be of especial interest. In 
order to clarify the relative importance 
of these variables, further analysis of 
the over-all effect of each upon chil- 
dren with articulation problems com- 
pared with those without articulation 
errors was necessary. 


Socioeconomic Level. Groups II and 
I were significantly higher in socio- 
economic level than Groups VI, VII, 
IV, and V according to the Duncan 
test (1). Group III was significantly 
higher than Groups VI and VII. 


In the upper socioeconomic levels 
67% of the children were without 
articulation errors as compared with 
41% in the middle classes and 25% in 


the lower socioeconomic levels. These 
differences were significant” beyond the 
02 level (y200s = 8.49 > y?.02 = 7.82). 
Analysis of covariance of the PARI 
Hostility-Rejection factor with the 
socioeconomic factor partialled out was 
completed to determine the independ- 
ence of the PARI factor. This analysis 
yielded an F of 2.43 which showed 
differences between the groups signifi- 
cant beyond the .05 level. Since the 
correlation between socioeconomic 
level and each of the five Gordon scales 
was equally low (Table 1), it can be 
assumed that these variables are also 


. relatively independent of socioeco- 


nomic factors. 


Speech Improvement Lessons. After 
five years, children of lower socio- 
economic groups who had been in the 
Wilson kindergarten speech improve- 
ment program had attained a level of 
articulation achievement approximating 
that of middle and upper socioeco- 
nomic group members (see Table 2). 
Children who received speech improve- 
ment lessons did not differ significantly 
in socioeconomic level from children 
who did not participate in the program. 


Differences in articulation related to 
socioeconomic level among children 


"Unless otherwise indicated, all tests of 
significance utilized the chi square or Fisher 
exact tests. 
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who had received speech training were 
not significant (yop; = 0.20). Highly 
significant differences in articulation re- 
lated to socioeconomic level (y2.1s = 
16.5 > 7001 = 13.82) were found 
among those children who had not re- 
ceived kindergarten lessons. As Table 
2 indicates, none of the lower class chil- 
dren who did not receive speech train- 
ing had errorless articulation after the 
five year period. Although individuals 
in the training and no-training groups 
were not significantly different in artic- 
ulation error at the upper and middle 
socioeconomic levels, they did differ 
significantly in the lower  socio- 
economic group (.002 level of sig- 
nificance). The value of Wilson 
kindergarten lessons in improving the 
articulation of children in lower socio- 
economic groups seems to be clearly 
substantiated. 


Maternal Education. Half of the 
mothers having at least a high school 
education had children without artic- 
ulation problems while only 23% of 
the mothers with less than a high schoo] 
education had children with errorless 
articulation. This difference was sig- 
nificant beyond the .05 level (yon. = 
4.44 > x7.05 = 3.84). 


Maternal Adjustment. None of the 
mothers in Group I scored below the 
median of the Total Gordon Scale, and 
none in Group VI scored above the 
median of that scale (y?.15 = 7.12 > 
X¥7.01 = 6.64). In this study maternal 
scores on the Total Scale (which ranges 
from —30 to 36) of 34 and above and 
on the Emotional Stability Scale (rang- 
ing from —15 to 18) of 14 and above 
coincided with absence of articulation 
error in 80% of the cases. Among the 
mothers who scored —20 and below on 
the Gordon Total and —11 and below 
on Emotional Stability, 80% had chil- 
dren with articulation problems in 1957. 


People scoring in the bottom 5% of 
the Gordon Total Scale have been 
shown to be poorly adjusted (7). A test 
of the hypothesis that children with 
more severe articulation errors tend to 
have mothers who are maladjusted is 
provided by an examination of the 
scores of mothers in Group VI. The 
presence of two low scorers in Group 
VI was not significant (77.1; = 2.69 > 
X7.20 = 1.64). No significant relation- 
ship was found between the articulation 
of children and maternal scores which 
comprised the middle 85% on the 
Gordon Total Scale (see Table 3). 


Taste 3. Placement (with number of cases in each rank) of the seven groups (I, Il, . . ., 
VII) on the Total Scale of the Gordon Personal Profile. 











Rank No Error 1957 Error 1957 
I Il it Vv V VI «OVI 
Very High (7%) 2 1 2 1 
High (24%) 5 1 1 2 5 6 
Average (38%) 1 a 1 7 9 1 11 
Low (24%) 1 3 a 2 5 2 
Very Low (7%) l 2 3 
Totals 8 6 6 16 16 8 25 
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Taste 4. Distribution of children according to participation in speech improvement lessons 
in 1952 (no lessons, lessons), maternal Hostility-Rejection (H-R) scores, and presence or 
absence of articulation errors in 1957 (error, no error). 











H-R Scores No Lessons Lessons 

No Error Error No Error Error 
High 0 10 12 6 
Average 9 11 6 10 
Low 6 8 6 10 








Twelve mothers of children having 
articulation errors scored high or very 
high on the Total Scale, and 10 mothers 
of children without articulation prob- 
lems scored low or very low on this 
scale. While this might be attributed to 
the insensitivity of the Gordon Per- 
sonal Profile, there is a possibility that 
only severe maternal maladjustment 
could have a measurable effect upon 
children’s articulation. 


Maternal Hostility-Rejection. The 
percentage of mothers scoring high, 
average, or low on the Hostility-Rejec- 
tion factor did not differ significantly 
in mothers of children in the training’ 
and no-training groups (see Table 4). 
Differences in articulation related to 
maternal Hostility-Rejection scores 
were not significant (yon. =. 3.92 > 
%?.20 = 3.22) among children who had 


received speech improvement training. 
Significant differences in articulation 
related to maternal Hostility-Rejection 
scores were found among children who 
had not received kindergarten speech 
improvement training (xors = 6.55 > 
vag 59). 


None of the 10 children in the no- 
training group whose mothers scored 
high in Hostility-Rejection had error- 
less articulation. Of the 18 children in 
the training group whose mothers 
scored high in Hostility-Rejection, 12 
had errorless articulation. This differ- 
ence was significant at the .0006 level. 
Differences in articulation between 
training and no-training groups were 
not significant among children whose 
mothers scored average or low in Hos- 
tility-Rejection. The value of Wilson 
kindergarten improvement lessons in 


Taste 5. Placement (with number of cases in each rank) of the seven groups of mothers 














(I, II, ..., WIT) on the Sociability Scale of the Gordon Personal Profile. 
Rank No Error 1957 Error 1957 

I Il lil IW V VI VII 
Very High (7%) 3 3 2 2 
High (24%) 2 2 4 6 
Average (38%) 5 2 2 8 6 2 9 
Low. (24%) 6 2 6 5 
Very Low (7%) Z 3 


Totals 
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improving the articulation of children 
whose mothers scored high in Hostil- 
ity-Rejection seems indicated by these 
findings. 


Maternal Sociability Scores. Table 5 
indicates that mothers of children hav- 
ing the best articulation, the mothers 
in Group I, had average Sociability 
ratings. Mothers of children without 
articulation problems, however, did not 
differ significantly in their Sociability 
scores from mothers of children having 
articulation errors. 


Sex of the Children. Approximately 
equal proportions of boys and girls in 
this study had articulation problems. 
Although Groups IV and V_ were 
highly similar in many characteristics, 
there were more girls than boys among 
the errorless members of Group IV. 
This difference was not significant. 


Discussion 


Since most children achieve errorless 
articulation by the age of eight (9), it 
was assumed that all of the children 
studied could have been in Group II, 
whose criterion members achieved er- 
rorless articulation by fifth grade with- 
out receiving formal speech training. 
However, some children were superior, 
attaining errorless articulation at kin- 
dergarten age, while others had gross 
articulation errors after receiving many 
hours of speech therapy. In the sense 
that any child could have been in any 
group, the groups served as controls for 
each other, and differences between 
groups provided possible explanations 
for the children’s performance. 


This study was limited by the con- 
sideration of only selected environinen- 
tal factors and by the use of testing 


instruments lacking in refinement. It is 
suggested therefore that differences 
found in spite of these limitations might 
be considered seriously as guideposts 
for more thorough research with larger 
groups. Since only a few of the chil- 
dren studied had severe articulation 
problems, conclusions are perhaps more 
applicable to a public school than to a 
clinical population. 


Effect of Kindergarten Speech Im- 
provement. The value of Wilson’s 
speech improvement training over a 
period of time appears to be indicated 
by the results of this study. The num- 
ber of children having articulation 
errors was markedly greater in the 
lower socioeconomic classes than in the 
middle or upper classes among children 
who had not received kindergarten im- 
provement lessons. Members of lower 
socioeconomic classes who had received 
improvement lessons achieved as well 
as their peers in the middle and upper 
class groups. From this it might be con- 
cluded that it would be valuable to 
conduct similar speech improvement 
programs in schools serving lower 
socioeconomic areas. 


The importance of the effect of 
marital problems upon articulation de- 
velopment was suggested by Wood’s 
(14) list of disruptive home influences. 
The PARI Hostility-Rejection factor 
provides a measure of hostility toward 
children and husband and a rejection of 
the maternal role. Women high in this 
factor were found to have needs for 
achievement outside of the home, to 
lack motivation for care of others, and 
to show aggressiveness in interpersonal 
relationships (15). Although mothers 
in Group III showed high Hostility-Re- 
jection scores, their children achieved. 








88 Journal of Speech and Hearing Research 


errorless articulation following speech 
improvement lessons. Group II chil- 
dren, who did not receive improvement 
lessons, failed to achieve errorless ar- 
ticulation until later although their 
mothers provided an atmosphere which 
was accepting of home and family. 


Further substantiation of the utility 
of speech improvement training is pro- 
vided through consideration of all the 
children of mothers having high Hos- 
tility-Rejection scores. Children who 
had received speech improvement train- 
ing had significantly greater success in 
articulation than did those in the no- 
training group. Possibly the Hostility- 
Rejection scale provides a measure of 
maternal behavior as well as of maternal 
attitudes, or improvement lessons can 
perhaps counteract effects presumed to 
be of psychological origin. Further 
investigation of what the Hostility- 
Rejection scale measures and of the 
possibility that improvement lessons can 
aid in correcting articulation errors 
originating in psychological processes is 
required to form a valid conclusion. ~ 


Measurement of Maternal Adjust- 
ment. In agreement with Wood’s (14) 
findings, mothers of children having the 
best articulation development scored 
highest in adjustment ratings while 
mothers of children with articulation 
problems which were resistant to ther- 
apy scored lowest on the adjustment 
scale. Wood’s (J4) implication that 
mothers of children with articulation 
errors have a tendency toward mal- 
adjustment was not substantiated by 
this study. However, relationships in 
both studies suggest the possibility that 
mothers who are so poorly adjusted as 
to be in need of psychotherapy may 
have a detrimental effect on their chil- 


dren which might be evidenced by 
functional articulation errors. 

In considering the possibility of ma- 
ternal maladjustment in a diagnostic 
evaluation, it is helpful to establish cut- 
ting scores on personality tests in con- 
junction with speech achievement of 
children. The practicality. of the 
Gordon Personal Profile for speech 
assessment was crudely evaluated by 
administering it to 19 mothers of chil- 
dren who had articulation errors and 
who were receiving therapy at the 
Purdue Speech and Hearing Clinic. 
Predictions of progress were made for 
children of the four mothers scoring 
beyond the cut-off points established in 
the main study. Progress evaluations 
given by the speech therapists con- 
firmed the prediction in three of four 
cases. In the fourth case, the therapist 
commented on lacking insight into the 
causes of the articulation problem. Per- 
haps the greatest utility for evaluations 
of maternal adjustment would be in 
such cases of doubtful etiology. 


Intelligence. There were significant 
differences between some of the groups 
as measured by the Goodenough Draw- 
a-Man test of intelligence administered 
by Wilson (13). These differences may 
have been related to the speech im- 
provement of children in Group III and 
the failure of other children to improve. 
Since an IQ score obtained at kinder- 
garten age by means of a nonverbal in- 
telligence test is of restricted validity, 
further research would be required to 
determine whether or not superior in- 
telligence permits earlier and more 
accurate articulation than is possible 
with average intelligence. 


PARI Factors. The absence of signifi- 
cant differences between groups on the 
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Authoritarian-Control and Democratic 
Attitudes factors may be due to the 
lack of sensitivity of the PARI as a 
measuring instrument or to the absence 
of relationships between these maternal 
attitudes and children’s speech. Moll’s 
(8) evaluation of two maternal attitude 
measures revealed limited utility for the 
field of speech. Refinements of the Hos- 
tility-Rejection factor may provide a 
tool which would be useful in uncover- 
ing maternal feelings toward home and 
family, a factor which appears to have 
a more direct relationship to children’s 
speech than other attitudes measured by 
the PARI. 


Summary 


This study investigated long term 
effects of a kindergarten speech im- 
provement program upon articulation 
in relation to socioeconomic level, cer- 
tain maternal personality traits, and 
maternal family attitude factors. Seven 
mutual-control groups were established 
according to children’s articulation and 
history of formal speech training. The 
Gordon Personal Profile, Parental Atti- 
tude Research Instrument, and a per- 
sonal data questionnaire were given to 
94 mothers who were evaluated on 
socioeconomic level. 


Results indicated that children in 
lower socioeconomic groups who par- 
ticipated in kindergarten speech im- 
provement achieved articulation success 
approximating that of upper class 
groups. Improvement training also ap- 
peared to counteract negative effects 
upon children’s articulation associated 
with high maternal Hostility-Rejection 
scores. A relationship seemed to exist 
between children’s articulation and ma- 


ternal scores in the extremes of a per- 
sonality test, and cut-off scores were 
given. Effects upon articulation of ma- 
ternal rejection, maternal adjustment, 
and of superior intelligence in the child 
appeared to warrant additional research. 
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Adaptation Effect and Spontaneous Recovery 


in Stuttering Expectancy 


MARYANN PEINS 


Two explanations have been specif- 
ically advanced to account for the 
adaptation effect in stuttering: an anal- 
ogy to experimental extinction ad- 
vanced by Wischner (18) and a theory 
of anxiety deconfirmation proposed by 
Johnson (10). 


Wischner (17, 18) has hypothesized 
that stuttering behavior is a ‘learned 
anxiety reaction system,’ and that re- 
duction of anxiety reinforces stuttering 
behavior. Wischner sees an analogy 
between phenomena in stuttering be- 
havior and certain phenomena reported 
in conditioning and learning exper- 
iments; for example, he hypothesizes 
that the adaptation effect may be liken- 
ed to experimental extinction. For 
experimental extinction to occur, there 
must be a withdrawal of reinforce- 
ment. As Wischner (18, p. 60) states, 
however, it is most difficult to identify 
the reinforcing mechanism or mecha- 
nisms operating in stuttering behavior. 


Johnson (10) uses a theory of ‘anx- 
iety deconfirmation’ to explain the 
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adaptation effect. He suggests (10, pp. 
259-260) that: 


To the degree that the stuttering and its 
consequences, as experienced, turn out to 
be less fearful than anticipated, the stut- 
terer’s anxiety is deconfirmed. With less 
intense anxiety, he is subsequently less ap- 
prehensive about stuttering on the words 
he has to say, less concerned about avoid- 
ing the stuttering he does anticipate, and 
so he does less to avoid it and does it with 
less tension. For this essential reason there 
is adaptation; that is, more and more talk- 
ing leads to less and less stuttering because 
the stutterer gradually learns that in gener- 
al his expectations are exaggerated and 
that speaking is nearly always not as bad 
as he thinks it will be. 


An explanation offered in the litera- 
ture for the increase in or recovery of 
stuttering following adaptation is an 
analogy to. the spontaneous recovery 
noted in conditioning and learning 
experiments (9, JI, 13, 18). This ex- 
planation probably follows: from the 
analogy drawn between adaptation in 
stuttering and the learning phenomenon 
of experimental extinction. Thus, it 
would seem that the validity of the 
explanation of the occurrence of re- 
covery in stuttering is only as sound 
as the validity of the analogy between 
adaptation and experimental extinction. 


An important aspect of the proce- 
dure used in studies on adaptation and 
recovery of stuttering is the require- 
ment that stuttering subjects read or 
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speak spontaneously aloud. The ex- 
planations offered for the occurrence 
of these two phenomena are thus not 
only necessarily based on oral per- 
formance but also, and more impor- 
tantly, seem crucially dependent on 
such oral performance. Both Wisch- 
ner’s analogy to experimental extinc- 
tion and Johnson’s theory of anxiety 
deconfirmation demand the elicitation 
of overt stuttering. Thus, it would seem 
that a study in which adaptation and 
recovery are demonstrated during a 
nonoral performance by  stutterers 
would serve as an experimental test 
of the two explanations advanced for 
adaptation and recovery of stuttering. 


The present study had as its point 
of departure the expectancy adapta- 
tion phenomenon which was _ first 
reported by Wischner (16, 18) who 
found that when stutterers silently read 
a passage five successive times at one 
sitting and underlined words on which 
they would expect to stutter if they 


were to read the material aloud, there - 


was a progressive decrease in the num- 
ber of words underlined on each reading 
of the passage. Wischner’s investigation 
indicated. that it was possible to obtain 
an adaptation effect in a nonoral per- 
formance by stutterers under a condi- 
tion similar to that employed in 
stuttering adaptation studies. 


The present investigation sought to 
determine whether adaptation and 
recovery would be found to occur in 
the expectancy paradigm used by 
Wischner and, if they did, to conclude 
that the explanations explicitly offered 
for their occurrence in stuttering are 
invalid. In addition, the experimental 
design offered an opportunity to ob- 
tain information on other aspects 


relevant to the expectancy paradigm 
not reported in the literature. 


Procedure 


Subjects. Subjects were 32 adult 
stutterers, aged 15 to 33 years. They 
were randomly assigned to the exper- 
imental and control groups. The mean 
age of the experimental group (N16) 
was 22.2 years, the median age, 
21 years; the mean age of the control 
group (N=16) was 21.8 years, the 
median age, 20.5 years. The subjects 
had received speech therapy for periods 
ranging from zero to 10 years. None 
had previously participated nor was 
currently participating in stuttering 
research studies. 


Materials. Test materials were two 
factual, 200-word reading passages (to 
be referred to as Passage A and Passage 
B) which were equated by the Flesch 
(5, p. 6) formula in terms of ‘reading 
ease,’ and by Brown’s (2) criteria in 
terms of word weights. 


The experiment was conducted in 
a small, quiet room with the subject 
seated at a table opposite the exper- 
imenter who was the only listener 
present. There were two conditions: 
a pretest and a test. 


Pretest Condition. In the pretest, to 
evaluate differences between the groups 
on frequency of stuttering in oral 
reading, each subject read aloud Pas- 
sage A five successive times at a single 
session. On duplicate copies of the 
passage the experimenter drew a line 
through each word the subject was 
judged to have stuttered (a marking 
procedure used also in the test condi- 
tion). 
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Interval between Conditions. To re- 
move or minimize any influence which 
participation in one session might have 
on results of a succeeding one, an 
interval of 24 hours was maintained 
between the pretest and the test and 
between the four days of the test. 
Jamison (8, pp. 245-248) found that 
a 4.5-hour period was sufficient for a 
relatively complete recovery of the 
stuttering response after adaptation. 
Leutenegger (12) reported that the 
amounts of recovery of the stuttering 
response following successive time de- 
lay intervals of 20 minutes, one hour, 
or 24 hours did not differ significantly. 
Jones (11), to whose study the present 
one is similar, found that statistically 
significant spontaneous recovery was 
demonstrated with a 24-hour interval 
between adaptation trials. 


Test Condition. Reading Passage B 
was used for both groups in the test 
condition. In the oral portions, stut- 
tered words were marked by the 
experimenter as in the pretest. 


At the beginning of each session 
for the experimental group, five mimeo- 
graphed copies of the reading passage, 
stapled together, were placed face 


down on the table before the subject. 
Instructions, essentially the same as 
used in Wischner’s (16, 18) study, 
were read by the experimenter at the 
beginning of each of the four succes- 
sive daily sessions, directing the subject 
to read silently the five copies of the 
passage (zero time interval between 
readings) and to underline all words 
on which he would expect to stutter 
if he were to read the passage before 
a group. On the fourth day, following 
that day’s fifth silent reading, there 
was a one-minute interval and the 
subject was asked to read the passage 
aloud five successive times. 


At the beginning of each session for 
the control group, a mimeographed 
copy of the reading passage in a ma- 
nilla folder was placed on the table 
before the subject. Instructions, read 
by the experimenter at the beginning 
of each of the four daily sessions, 
required the subject to read aloud the 
passage five successive times with zero 
time interval between readings. On 
the fourth day, following the fifth 
reading, there was a one-minute time 
interval and the subject was then asked 
to read the passage aloud five additional 
times. 


Taste 1. Results of ¢ tests for evaluating differences in experimental group (N=16) mean 
differences in number of words expected to be stuttered in readings 1 and 5 (R:, Rs) on each 
of four days and mean differences in number of words stuttered in readings 6 and 10 (Re, Rio) 


on day 4 (df=15). 











Day Mean 1 Mean 2 Diff r t Sign 
Level 
R, and R; 
1 17.81 19.50 -1.69 90 87 4 
2 Y 5 23.31 - 06 .96 03 9 
3 26.56 25.87 69 97 37 8 
4 26.68 26.62 06 95 .03 9 
R, and Rw 
4 29.00 19.18 


9.82 84 5.65 .001 
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Figure 1. Mean frequencies of words expected to be stuttered and actually stuttered by the 
experimental group (solid line) and mean number of words stuttered by the control group 


(dashed line). 


Observational Reliability of the Ex- 
perimenter. Before the experiment, in 
order to determine her reliability in 
judging the occurrence of stuttering, 
the experimenter listened to a phono- 
graphically recorded sample of stut- 
tering speech and at the same time fol- 
lowed a printed copy of the same 
material, marking the words judged 
to be stuttered. The same procedure 
was repeated a week later. By a formula 
employed by Tuthill (75), the exper- 
imenter’s reliability was found to be 
.94, which compares favorably with 
Tuthill’s values. 


Results 


Analysis of the frequency data 
(summarized in Table 1) by.t tests* 
for correlated samples revealed no 
significant differences at the .05 level 
between the means of silent reading 1 
and silent reading 5 on each of the four 
days for the experimental group. The 
difference between reading 6 and read- 
ing 10 on day 4 was significant at the 
.001 level, but these were oral readings. 
The differences between the means 
of reading 1 and reading 5 on each of 


*There should be some caution in interpret- 
ing t-test results inasmuch as a number of 
such tests have been performed with the 
scme data. 


four days for the control group were 
significant at the .05 level; however, 
the difference between reading. 6 and 
reading 10 on day 4 was not significant. 


The results of ¢ tests (df 15) in- 
dicated no significant differences at 
the .05 level between the mean number 
of words expected to be stuttered on 
each silent reading on each day (as 
well as the mean number of words 
stuttered on each oral reading on day 
4) by the experimental group and 
the mean number of words stuttered on 
each reading by the control group. 


Figure 1 presents graphically the 
frequency data on the mean number of 
words expected to be and actually 
stuttered by the experimental group 
and the mean number of words stut- 
tered by the control group. The silent 
reading curves for the experimental 
group show no significant adaptation 
trend, whereas the curves for the con- 
trol group, in general, tend to become 
progressively lower and significantly 
so. Curves for the experimental group 
resemble neither the curve reported 
in Wischner’s (18) investigation nor 
the negatively accelerated curves re- 
ported in typical stuttering adaptation 
studies (11, 18) or evidenced by the 
control group in this study. On each 
day the experimental group curve is 
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irregular and nonidentical in form with 
the curve for the preceding day. How- 
ever, each curve indicates a decrease 
from reading 1 to reading 2 and tends 
to show an increase from either the 
third or fourth reading to the fifth 
reading. The means of the first and 
of the last silent readings are succes- 
sively higher from day to day. 


The curve for the oral readings 
(readings 6 through 10, day 4) for 
the experimental group is quite dis- 
similar to the curves depicting the 
silent readings, and resembles somewhat 
the typical adaptation curve as re- 
ported in the literature (11, 18). 


Spontaneous Recovery. Results of t 
tests for correlated samples between 
reading 5 of one day and reading 1 of 
the following day indicated that for 
the experimental group the difference 
for days 1 and 2 was significant at the 
.05 level (t = 2.48; df = 15), but the 
differences for days.2 and 3 and days 
3 and 4 were not significant. For the 
control group, the only statistically 
significant increase was from reading 5, 
day 2, to reading 1, day 3. By inspec- 
tion of Figure 1 the effect of the 24- 
hour interval between successive days 
for the experimental and control groups 
may be observed. In both groups the 
mean was higher on reading 1 of any 
day than on reading 5 of the pre- 
ceding day; however, the increase be- 
came progressively less each day. 

Effect of Previous Silent Inspections 
on Overt Stuttering. On the first oral 
reading trial (reading 6, day 4) for 
the experimental group the mean 
(Table 1) increased to 29.00, which 
was the largest mean for any reading, 
silent or oral, and approximates the 
mean of 28.50 for the control group 


on the first oral reading of day 1. A 
comparison of the performance of 
the experimental and control groups 
on any of the same oral readings in- 
dicated no significant difference at 
the .05 level between the mean fre- 
quencies of words stuttered by the 
two groups. 


Discussion 


The present study did not demon- 
strate an adaptation effect in the 
expectancy paradigm; rather, the ex- 
perimental group evidenced an increase 
in mean frequency of stuttering ex- 
pectancy (words expected to be 
stuttered) over the course of the four 
days of the experiment. Since an adap- 
tation effect was not demonstrated, it is 
debatable whether the increase in fre- 
quency of expectancy on the first 
reading trial of each day should be 
regarded as spontaneous recovery of 
the expectancy phenomenon. 

No conclusions can be drawn con- 
cerning the validity of the explanations 
explicitly advanced for adaptation and 
spontaneous recovery in stuttering 
since data were not yielded on the 
expectancy paradigm which might 
have invalidated these hypotheses. 

Inasmuch as the present study does 
not provide evidence to substantiate 
Wischner’s (16) findings, a question 
arises as to the reality or the replica- 
bility of the expectancy adaptation 
effect. This question can be resolved 
only by further research and, to this 
end, it is suggested that the following 
factors be considered in future studies 
of the expectancy adaptation effect: 
(a) age of subjects; (b) difference 
in procedure; and (c) degree of sub- 
jects’ sophistication with respect to 
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previous participation in stuttering re- 
search studies. 

Wischner’s (16) subjects were 
younger stutterers (aged 12 to 26 years; 
mean age, 18, and median age, 16 years) 
than those used in the present exper- 
iment. Contradictory evidence in the 
literature (4, 6) regarding age of sub- 
jects and adaptation does not resolve 
the question of whether age of subjects 
is a relevant variable in expectancy 
adaptation studies. 


A difference in procedure may have 
contributed to the different results ob- 
tained in Wischner’s (16) and the pres- 
ent experiment. Wischner conducted 
his experiment when all the subjects 
were together in a daily group meet- 
ing; in the present study, the subjects 
were seen individually by the exper- 
imenter at each session. Instructions 
(essentially the same as used in Wisch- 
ner’s study), read to the subjects at 
the beginning of each session, stated in 
part: 

... Think of the situation as that of stand- 

ing and reading a passage before a group 

. . . Underline each word on which you 

think you will stutter should you be called 

upon to read the material orally before a 

group. 

A daily increase in situational anxiety 
might be reflected in the results of the 
-present study: the subjects, seen indi- 
vidually, might have been apprehensive 
about reading aloud before a group 
at the conclusion of any day’s session. 
Some evidence for this is seen in the 
fact that the mean expectancy of 
stuttering decreased each day on read- 
ings 1, 2, and 3, and then increased 
on readings 4 and 5. In Wischner’s 
experiment, there may have been less 
opportunity for situational anxiety: the 
subjects, being in a group situation, 


may have experienced a feeling of 
‘safety in numbers’ and assumed it was 
highly improbable that each subject 
would be called upon to read before 
a group at the conclusion of the exper- 
iment. 

There was a difference also, in the 
two studies, in the degree of subjects’ 
sophistication with respect to previous 
participation in stuttering research. 
Wischner’s subjects were clinically 
sophisticated; that is, within a relatively 
short period they served in many dif- 
ferent adaptation studies which re- 
quired them to read aloud passages 
and word lists. Wischner (18, pp. 27- 
28) suggests that there may have been 
‘interaction effects resulting from this 
situation.’ In the present study, the 
subjects were clinically naive; that is, 
none had previously participated nor 
were currently participating in stut- 
tering research studies. 


Reactive Inhibition and Nonprop- 
ositionality. Two other possible ex- 


. planations for the adaptation effect 


are reactive inhibition and nonprop- 
ositionality of reading material. These 
were not involved in the design of the 
present study because they do not 
seem to depend upon an oral perform- 
ance as do experimental extinction and 
anxiety deconfirmation. 


Reactive inhibition, according to 
Hull (7, pp. 278-300), occurs with 
every response, whenever conditioned 
reactions, reinforced or nonreinforced, 
are evoked. Reactive inhibition is 
thought of as a negative drive state; 
as a given response is repeated, the 
response is not extinguished but only 
inhibited. Reference to reactive inhibi- 
tion has been made by Wischner (18, 
p- 101) who proposes an experiment 
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on stuttering adaptation which would 
center around the amount of energy 
expended in stuttering and Luper (/4, 
p- 9) who suggests that adaptation may 
be explained by reactive inhibition. 


Reactive inhibition holds promise 
as a concept by which to account for 
adaptation in stuttering: it is a condi- 
tion or state which builds up with 
the occurrence of each response, and, 
its rate of development is hastened by 
the massing of trials or response evoca- 
tion. Inasmuch as the basic condition 
for the adaptation effect is the repeated 
reading of the same material with little, 
if any, time interval between successive 
readings, the hypothesized nature of 
reactive inhibition seems to provide 
a defensible explanation for the adapta- 
tion effect. 


Reactive inhibition may be also a 
more parsimonious explanation for the 
adaptation effect than experimental ex- 
tinction because the latter, as usually 
defined, is dependent upon the absence 
of reinforcement. Since reactive inhibi- 
tion presumably accumulates with the 
occurrence of every response, whether 
reinforced or not, it would no longer 
be necessary to show that reinforce- 
ment was not present during the 
adaptation—a_ problem which has 
plagued Wischner and other investi- 
gators who have followed his analogy 
between adaptation and experimental 
extinction. Wischner (18, pp. 60-61) 
says: ‘a most perplexing problem of 
stuttering behavior is that of identify- 
ing the reinforcing state of affairs.’ 
Along similar lines, Jones (/1, p. 50) 
states: 

The problem of just what is the rein- 


forcement that is presumably being with- 
held in the case of stuttering adaptation 


has been of considerable interest and spec- 
ulation. 


A third example is from Leutenegger 
(13, p. 45) who says: 
In terms of Pavlovian experimental extinc- 
tion it is difficult to determine the nature 
of the reinforcement, the diminishing of 


which would account for the adaptation 
phenomenon. 


Since reactive inhibition is assumed 
to dissipate during the intervals be- 
tween responding, the concept might 
also account for the phenomenon of 
recovery of stuttering after adaptation. 


The other possible explanation for the 
adaptation effect in stuttering is that the 
material read aloud by the stutterer be- 
comes nonpropositional or meaningless 
in nature with successive readings. 
Jones (11, pp. 1, 2) mentions that ‘de- 
crease, with successive readings of a 
given passage in the propositionality or 
communicative significance of the 
words stuttered’ may possibly under- 
lie the adaptation effect. ‘It is a factor 
that seems to warrant more considera- 
tion than it has received. . . .? Quite 
possibly, with successive readings of a 
passage, the words may not hold ‘anx- 
iety value’ or serve as ‘noxious cues’ 
for the stutterer, resuiting in a progres- 
sive reduction in stuttering ‘frequency. 


Bloodstein (1) states that stutterers 
reported that reductions in stuttering 
occurred typically with utterance of 
material of low propositionality (non- 
sense material, isolated words, mem- 
orized recitations), and he further 
states that reduced communicative 
responsibility may have contributed to 
the reduction in stuttering frequency 
which stutterers reported in oral read- 
ing. Eisenson and Horowitz (3) found 
the frequency. of stuttering to be 
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related to the meaningfulness of speech 
content. 


It is hypothesized, therefore, that as 
the stutterer repeatedly reads the same 
passage, the increasingly nonproposi- 
tional nature of the material leads to 
a progressive decrease in frequency of 
stuttering. This hypothesis is not be- 
ing advanced as the sole explanation for 
the adaptation effect; on the contrary, 
the adaptation effect might well be the 
result of the combined action of non- 
propositionality and reactive inhibition. 


Effect of Previous Silent Inspections 
on Overt Stuttering. Wischner (18) 
found that two rehearsals (inspections) 
of material, accompanied by deliberate 
or voluntary lip movements in forming 
the words, seemed to effect a reduction 
in frequency of overt stuttering on the 
first oral reading of such material. His 
findings prompted the question as to 
whether the same or similar results 
could be obtained with repeated silent 
inspections of material unaccompanied 
by deliberate or voluntary lip move- 
ments as the material was silently read. 


The present study revealed that 20 
silent inspections of material did not 
effect a decrease in frequency of overt 
stuttering on the first oral reading of 
such material. The fact that the subjects 
did not use ‘deliberate or voluntary 
lip movements in forming words’ may 
account for this finding. An adaptation 
effect was demonstrated to occur fol- 
lowing 20 silent inspections of the 
same material; however, it cannot be 
concluded that this reduction in fre- 
quency of overt stuttering is attribut- 
able to the effect of repeated silent 
inspections, 


Summary - 


The purpose of this study was to 
determine whether adaptation and re- 
covery occur in the expectancy para- 
digm. 

An experimental group of 16 stutter- 
ers silently read a passage five times 
on each of four consecutive days and 
marked words they would expect to 
stutter on oral reading; a control group 
of 16 stutterers orally read a passage 
five times on each of four consecutive 
days. Both groups then read the pas- 
sage aloud five successive times. 


An expectancy adaptation effect was 
not demonstrated, and thus no con- 
clusions could be drawn concerning 
the validity of the explanations pre- 
viously advanced for adaptation and 
recovery in stuttering. Evidence was 
obtained for spontaneous recovery 
within the expectancy paradigm only 
between days 1 and 2. 
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Call for Program Suggestions and Papers, 


Thirty-seventh Annual Convention of the 


American Speech and Hearing Association 


NOVEMBER 5, 6, 7, and 8 


HOTEL SHERMAN, CHICAGO, ILLINOIS 


The ASHA Convention Program Com- 
mittee announces a Call for Program 
Suggestions and Papers for the 1961 
National Convention. Contributors are 
urged to submit abstracts and other 
program proposals immediately to in- 
sure that they may be given consider- 
ation during the planning stages for the 
Convention. 


The Program Committee will con- 
tinue the efforts of past Program Com- 
mittees to upgrade the caliber of the 
Convention presentations. Program 
proposals will be carefully screened. 
The time available for the program will 
be less and the number of presentations 
to be scheduled will be fewer for the 
1961 Convention than for the 1960 Con- 
vention. Contributors must supply suf- 
ficient information to the Program 
Committee to enable it to make judi- 
cious choices from among the proposals 
and to permit intelligent scheduling 
of the presentations selected. Since the 
program abstracts and summaries will 
be published prior to the Convention, 
they must be complete and in suitable 
publication form. 


The organization of a program for a 
national convention is necessarily com- 
plex. Scrupulous adherence to both 
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deadlines and forms for submitting pro- 
gram proposals is necessary if the Com- 
mittee is to work effectively. 


The Program Committee urges your 
active participation in planning the pro- 
gram. Any suggestions will be given 
careful consideration. If you wish to 
make a program proposal of any type, 
please read carefully the instructions 
given below. 


Types of Programs and Sessions 


’ In the interest of serving the many 
and varied needs of the membership, a 
number of different types of meetings 
and sessions will be scheduled. For the 
purposes of clarification and uniformity 
of listings, the following descriptions 
and definitions are provided. 


Papers. Papers may deal with experi- 
ments, investigations, theoretical for- 
mulations, clinical practices, philosophic 
considerations, .and policy or pro- 
cedures in the various settings of our 
professional practice. Papers from re- 


lated disciplines will be considered. 


Symposium. A symposium is a meet- 
ing or series of meetings involving the 
presentation of two or more formal 
papers on a given topic. 
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Panel. A panel presentation is an 
informal discussion of a given topic 
by a group of five or six experts. 
There are no speeches per se and the 
Chairman interjects just enough ideas 
to set the stage and to give direction 
to the discussion. 

Forum. There are two types of 
forum: an open forum, which in- 
volves extended audience discussion 
of a topic that has been briefly out- 
lined; and a panel-forum, in which a 
panel is used for defining the topic 
and participating in the discussion. In 
either type, a question period, with 
special interrogators or selected written 
questions, may be used to guide dis- 
cussion toward important implications. 

Workshop. A workshop provides a 
structured learning situation in which 
the audience participates with the aid 
of resource persons. 


Qualifications for Participation 


Both members and nonmembers may 
submit proposals and participate in 
the program. 

In order to insure maximum partici- 
pation by the membership, the Execu- 
tive Council has ruled that each 
individual be limited to two appearances 
on the program. This ruling has been 
interpreted not to apply to those in- 
stances in which individuals are invited 
to participate or where they are chair- 
men of sections. 


Requirements for Proposals 


All proposals for the program, in- 
including abstracts, must be submitted 
by April 1, must be typed in quadrupli- 
cate, and may not exceed 300 words in 
length. All communications concerning 
the program are to be addressed as 
follows: 


D. C. Spriestersbach, Program Committee 
Chairman 

Department of Speech Pathology and Audi- 
ology 

University of Iowa 

Iowa City, Iowa 


Obligations of Contributors 


Persons accepted to appear on the 
program thereby assume the respon- 
sibility to appear in person as scheduled 
and to adhere rigidly to the time limits 
assigned. Participants must agree that 
no substantial changes will be made in 
accepted proposals without advance 
approval of the Program Committee. 
Should unforeseen contingencies arise 
which preclude the appearance as 
planned, the contributor must supply 
a substitute by advance arrangement 
with the section chairman. 

Contributors assume the further 
responsibility to cooperate with the 
abstracts editor by meeting such dead- 
lines as he shall indicate in making 
any revisions of abstracts and sum- 
maries deemed necessary. The Program 
Committee wishes to insure uniform 
coverage and quality of the published 
abstracts and summaries. 


Form for Submitting Proposals 


Identifying Data. These data are 
required of all proposals: 

1. Title of paper or program. 

2. Name and advanced degree of 
each participant. 

3. Name of the institution or lab- 
oratory with which each participant 
is affiliated. 

4. Designation of work which was 
done to satisfy the requirements for 
an advanced degree and identification 
of the director of the study. 
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5. Identification of work which was 
done as part of a sponsored research 
project with name of the sponsoring 
agency and the project code number. 


6. Time required for presentation. 


7. Audio-visual equipment needed 
or special physical setting required. 
Participants are requested -to consider 
carefully the advantages and disad- 
vantages of duplicated handouts of 
graphic and tabular material over pres- 
entations by slide projectors. How- 
ever, projectors will be furnished if 
requested. 


Form for Specific Types of Pro- 
posals. Contributed Papers. Research 
papers are proposed by submitting an 
abstract which contains a concise state- 
ment of the problem, procedures, and 
results. Results and conclusions should 
be stressed. All data should have been 
collected and the analysis completed 
at the time that the abstract is sub- 
mitted. Papers concerned with data 
which have not been completely 
analyzed by April 1 will be considered 
only by special arrangement with the 
Program Chairman. 


Papers dealing with matters other 
than research are proposed by sub- 
mitting a summary of the subject 
matter to be covered. The summary 
should include a statement of the 
hypotheses being examined and the 
conclusions and implications to be 
drawn from the material. 


Invited Papers. Members are urged 
to suggest names of eminent scholars, 
researchers, or professional workers 
who could make a valuable contribu- 
tion to the program. However, invita- 
tions to appear are extended only by 
the Program Committee. 


Symposia, Panels, Forums, and Work- 
shops. Members may suggest proposals 
for symposia, panels, forums, and 
workshops. All participants should be 
identified as indicated in Identifying 
Data section above. Proposals should 
include a statement of the purpose 
and significance of the presentation, 
and a description of the subject matter 
to be covered. The specific contribu- 
tion of each participant should be 
indicated. 


Film Theater. Suggestions concern- 
ing films appropriate for the Film 
Theater should be sent directly to the 
Chairman of the Film Theater Sub- 
committee, Dr. Robert J. Duffy, 2511 
Hazelwood Way, Palo Alto, California. 


Scientific Exhibits. Free space for 
scientific exhibits will be available. 
Applications for Space Forms may be 
obtained by writing the Executive 
Secretary, American Speech and Hear- 
ing Association, 1001 Connecticut 
Avenue, N. W., Washington 6, D. C. 


’ The Program Committee: Stanley H. 
Ainsworth, Walter W. Amster, Robert 
C. Bilger, H. Harlan Bloomer, John 
L. Boland, William FE. Castle, David 
R. Dickson, Robert J. Duffy, Sue 
Earnest, James P. Egan, Aubrey Ep- 
stein, D. Robert Frisina, Robert Gold- 
stein, Elise S. Hahn, James C. Hardy, 
Earl R. Harford, Helen S. Knight, 
George H. Kurtzrock, Herold S. Lilly- 
white, James E. McLean, Otto J. Men- 
zel, June Miller, Sheila G. Morrison, 
Gene R. Powers, William F. Prather, 


_ Maryjane Rees, Josephine Simonson, 


Courtney Stromsta, Wayne L. Thur- 
man, John C. Webster, Richard A. 
Winchester, Jozef J. Zwislocki, and 
D. C. Spriestersbach, Chairman. 





